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| (HE COUNTRY OF THE BRASSMEN. 
Aare is k 


p Niger 


a 


nown of the many oil trading stations 
and its tributaries, except within com- 


communities and to those who have friends at 
“factories,” where at some places, such as Yala, 
semeans of communication exist during the six or 


months of the ‘“‘dry season.” 


The country for 


and miles around is one vast mud swamp, with 
hing growing out of it but dense vegetation. The 
Metence of the swamp is caused by the annual rise of 


river 


tafter year the land is flooded, making the trees 


Niger. It overflows the low-lying banks, and 


like plants stretching themselves out of the 


nm due course the river falls to its normal 


leaving the forests covered with water, which 


@atil the level of the river is reached. 


rs through the earth ; and this process goes 
The vegeta- 


w=i6 80 dense that within. the jungle ali is like the 


% 


‘ 
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of night, the sun never penetrating through 
foliage of the trees. 


eding further up the river, the banks are higher 


haps, to the fact that the river in its flow 
no resistance through tidal influence. 
still further up, the forests gradually give 
hana and plantain ‘ farms,” which are dotted 
the banks. : 


Ratives depend much upon fish for food, and it 
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aps, to their calling in this respect that 
are situated at the river side. There are 
8 inland, such as Nimbe (captured and 
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burnt by the recent punitive expedition), which are 
approachable by creeks, up and down which the 
natives pass in their small canoes. When an expedi- 
tion is sent to attack any of these villages, it is always 
by water, the dense jungle rendering a land attack 
impossible. These creeks are difficult of navigation, 
except to the natives themselves. The great disaffec- 
tion and bad feeling which have existed among the 
natives of the Niger (which will probably cell for a 
thorough investigation) are owing, it is said, to the 
monopoly of trade by various companies, which has 
reduced the revenues derived by the chiefs, and left 


KING KOKO IN HIS WAR CANOE. 


the natives positively without the means of subsistence. 
The prohibition of the importation of firearms and 
spiritaous liquors has also given rise to considerable 
discontent, and provoked smuggling on a large scale, 
which is being rigorously put down, Our illustration, 
taken from a photograph, shows one of the Brass 
chiefs, King Koko, starting on an expedition in his 
war canoe.—The Graphic, London. 


[From THE NINETEENTH CENTURY.) 
THE GREATER ANTIQUITY OF MAN. 


IT is instructive to look back and note the changes 
of opinion that have taken place within the last half 
century respecting the age of man on the earth, 
whether among geologists or archeologists. With the 
latter we are not concerned. The former I have fol- 
lowed from the beginning. So late as 1858 the be- 
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lief in the recent origin of man remained unshaken, 
and for this geologists themselves were largely respon- 
sible.* 

It was only in 1847 that the Geological Society de- 
clined to publish a paper which would have bad the 
effect of showing that man co-existed with the extinct 

| Quaternary mammalia, and would therefore be older 
than the age hitherto assigned, of about 6,000 years. 
Nevertheless it had not escaped the notice of a few 
independent observers that there were faets which, if 
admitted—and sufficient proofs were shortly forthcon- 
ing of their truth—must have led to a modification of 
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the prevailing belief. The Rev. J. MacEnery, a Ro- 
man Catholic priest living at Torquay in 1825-30, ex- 
| hamed from the celebrated bone cave known as Kept’s 
| Cavern flint tools, evidently worked by man, in definite 
association with the remains of the mammoth, rhinoc- 
eros and other extinct animals, at a depth of several 
feet beneath the surface and in undisturbed ground. 
This discovery was noticed by so excellent a geologist 
as the late Mr. Godwin- Austen, and confirmed a few 
years later by e™local committee, but the facts still 
failed to obtain recognition. 

Here the subject rested for some years. There was 
a reluctance to look the question in the face. The 

* As a matter of history 1t may be recorded that so late as 1858, only six 
years before the general conversion, a distinguished geologist contended in 


an ingenious argument that man was of recent origin. and that it was not on . 


the evidence of such intermixtures of human bones with those of the extinet 
animals, as reported in the caves of England and Belgium, that we ought to 
admit readily either the high antiquity of the human race or the recent date 
of certain lost species of quadrupeds, 
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fact was rejected as impossible; but no special inquiry 
was nade, Inthe meantime a French gentleman—not 
al geologist, but an experienced archwologist—residing 
at Abbeville, and acting on theological rather than on 
geological grounds, as well as in belief of the Diluvial 
theory current among the earlier geologists, which at- 
tributed all the superficial deposits of sand and gravel 
to the effects of the Mosaic deluge, became imbued 
with the idea that, if such were the case, the remains 
of antediluvian man ought to be found in those depos- | 
its. He accordingly set himself tosearch. It was well 
known that remains of the mammoth, woolly rhinoce 
ros, hyena, reindeer, ete., had been found in beds of 
Quaternary age near Abbeville and other places in 
the valley of the Somme. There he therefore com- 
menced, nor was he long without his reward, True, he | 
found no remains of the buman skeleton, as he ex- 
pected; but he found flints fashioned into shapes which 
his acquaintance with the flint implements and wea- 
pons of the stone or Neolithic period led bim to con- 
clude were the work of human hands, There was no ex 
act identity of forms, vet a general resemblance so close 
that it was evident that the makers of the two sets of 
implements had the same objects in view, both sets 
being alike fitted $for defense, offense, and various do- 
mestic purposes, At the same time there were fixed 
points of difference, such as that the stone period im- | 
plements were mostly ground and polished, while the | 
drift implements were rough and unpolished; and, | 
though clearly made to serve similar purposes, there 
was a certain difference in the patterns. 
The absence of human bones presents, however, no 
difficulty. In the first place, while wild animals lived 
in vast numbers during the Quaternary period, early 
man existed but in small communities; secondly, his 
bones, if exposed, would speedily decay; or be removed, | 
if underground, by the infiltration of the surface 
waters, unless placed under favorable conditions 
for their preservation, such as if covered with a bed 





of clay, or when they were embedded in the ar- 
gillaceous deposits of bone caves. SO great is this 





cial if not to pre-glacial times, and thus give him 
the “ greater antiquity” surmised as probable on other 
grounds. 

For the diseovery of this new location we are in- 
debted to Mr. Benjamin Harrison, a keen and enthusi- 
astic naturalist trading in the picturesque village of 
Ightham, in Kent. The small stream of the Shode 
passes through the village and flows into the Medway 
at a short distance east of Tunbridge. In both tie 
high and low level gravels which flank the —- Mr. 
Harrison, prompted by the discoveries in the valley of 


the Somme, found flint implements of the ordinary | 
| trim the 


Amiens and Abbeville Paleolithic types. These I have 
already deseribed.* But this did not satisfy him, and 
our business now is with older ground. 

At a short distance north of Ightham rises the es- 
carpment of the North Downs, there from 600 to 700 
feet high, and forming part of the elevated chalk 
plateau which slopes gently northward toward the 
Thames. There Mr. Harrison set to work. No more 
unpromising ground could have been chosen for fur- 
ther search. There are no streams and no valley drift 


beds. But the habit of search prevailed; Mr. Harri- 


json persevered, and soon became aware that in the 


southern drift, thinly scattered over the surface of the 
plateau, there were some flints which had the appear- 
ance of having been chipped and worked by human 
hands. They were, however, so rude and so little re- 
moved from natural fragments of flint, that when a 


|colleetion of several hundred specimens was exhibited 


at a meeting of the Geological Society they were by 
many treated with derision. In my opinion, however, 
there could be no doubt of the artificial character or of 
the greater age of the majority of the specimens; but 
at that time very few shared in this belief. 

The skepticism arose from two causes—first, with 


| respect to the rudeness of the implements, which led 


to the denial of artificial work; secondly, to the absence 
of an important link in the chain with regard to their 
geological age. 
first. Itis a difficulty that arises from the absence of 


property of infiltrating waters that there exist beds of |any beds of known glacial age associated with the 


gravel, originally consisting of insoluble siliceous ele 
ments mixed with pebbles of chalk and oolite, in which 
the latter two calcareous elements have beea com- | 
pletely dissolved out, like so many lumps of sugar, | 
and the indestructible siliceous pebbles alone are now 
left. Man also could avoid many dangers to life to 
which animals were exposed. 
The statements of M. Boucher de Perthes, which | 
were certainly not free from the introduction of some 
questionable facts and figures, were treated with ne- | 


other diffieulty. 


glect, and it was not until the late Dr. Falconer, whose |as_ it 


plateau drift. Nor, with the exception of the Crag 
beds (Diestian) of Lenham, which underlie the plateau 


drift, are there any beds of pre-glacial age present. | 


The absence of any organic remains constitutes an- 
None exist. But are we therefore to 
retire discomfited and abandon the inquiry? It has 
long been known to geologists that the glacial depos- 
its of Hertfordshire and Essex do not extend to the 
south of the Thames. 

Kent? All that ean 

stands, and if we 


be done is to take the 


eannot 


“ase 





We will deal with the last difficulty | 


Why, then, expect them in| 


| 


enter by the front | 


Indian experience had led him to believe in the anti-| door, let us see whether a side entrance cannot be 
quity of man, visited Abbeville in 1858, and urged the} found. Has it been sought for? Perhaps it has been | 
writer—who had already satisfied himself that the!|felt that it is easier to lie down at the foot of a wall 


previous discoveries in Belgium and Devonshire con- | 
stituted a strong prima facie case in its favor, and had, | 
on the first report of M. De Perthes’ discovery, been | 
intending to look into the geological evidence—that | 
the investigation was undertaken. In April, 1859, [| 
was able to corroborate the accuracy of M. De Perthes’ | 
diseoveryv,* and witnessed the finding of two un- 
doubted worked flints in a mass of shelly shingle with 
mammalian remains, at a depth of about twenty feet, 
ina pit at Mencheeourt, near Abbeville, and 
quently of one at Amiens in a bed of high level gravel | 
with fluviatile shells. Sir Jonn Evans showed likewise 
that long previously similar implements had been 
found under the same conditions at Hoxne, in Suffolk, 
and in Gray’s Inn Lane, London, but had been passed | 
unobserved by geologists.+ \ 

This satisfied men of science that Palwolithic man 
existed in post-glacial times, and that the chronol- | 
ogy of the human race would have to be widely ex- | 
tended. y 

Shortly afterward similar Pakeolithic flint imple- | 
ments, in association with similar mammalian remains, | 


were found in the valley of the Thames, in the neigh- 


subse- | 


than to seale it. 


| 
| 


| 


There is really a perfectly practicable side door open | 


to us in the relative position of the different drift beds, 
and in the extent of denudation or valley erosion that 
took place between the deposition of the several drift 
deposits—a work of demolition which marks time as 
effectually as does that of construction. 

It was evident, for various reasons, that if the imple- 
ments were the work of man, they must have belonged 
to a much older race than man of the valley drifts. 
How was this to be proved? I will endeavor to an- 


| swer the question as briefly and with as little technical 


detail as possible. It has, in the first place, to be re- 
membered that what I have to say of the topography 


of the district has reference to it at the time when the} 


drift, associated with the flint implements on the sum- 
mit of the chalk plateau, was spread over its entire 
surface, and, therefore, before the dry chalk valleys 
which now intersect i 


now the hills and valleys of the Weald form part of 
the pleasant and fertile garden of Kent. 
At present the rainfall on the plateau sinks into the 


it were cut out and formed, and | 
|} when also there was higher ground to the south, where; 


| 


borhood of Salisbury, of Bedford, and elsewhere in the | chalk and eseapes by underground channels into the} 


. a ; A ; Ts 
south of England. They were likewise discovered in 


many parts of France, in Spain, Italy, and elsewhere 
in the south of Europe. Nor was it long before they 
were found on the north coastof Africa and in Egypt; 
likewise eastward in Syria, Arabia, in the Indian pen- 
insula, and elsewhere. 

In the meantime my report, and those of some geo- | 
logical friends whom | had invited to accompany me, 
had led Sir Charles Lyell to visit the Somme valley. 
and to announce the discovery at the meeting of the 
British Association at Aberdeen in September, 1859, 
and afterward to publish all the facts bearing on the 
subject in his popular Antiquity of Man, in 1863. 

e need not pursue this stage of the subject further; 
suffice it to say that the discovery, so long rejected and 
then looked upon with doubt, speedily became an ac- 
cepted fact, and the antiquity of man enrolled among 
the gains of science. 

Here the question rested for a time 
stop there? Was there any reason to suppose that the 
relics met with in the valley drifts were the work of 
the earliest race of men? The workmanship on some 
specimens of the Paleolithic implements was not very 
much inferior to that of Neolithic times; and what was 
known of the human frame indicated but slight, if 
any, inferiority in its physical structure to that of 
modern man, Ail led one to suppose that ruder an- 
cestors preceded Palwolithic man. 

Isolated specimens were discovered in this country 
from time to time in positions which suggested a 
greater antiquity; but, asin the case of the early Pa- 
lwolithie discoveries, they failed to receive the atten 
tion which many of them deserved. It was the same 
on the Continent, where, however, certain of our ecol- 
leagues would carry back man to Miocene times: but 
many of these cases have either proved illusive or else 
want confirmation. A recent discovery in Burma 
also associates an with Miocene strata, This again 
wants confirmation, 

My object at present is, however; with a more remark- | 
able case at our own doors, a case which relates not to | 
isolated specimens, but in whieh the finds, numbered 
at first by hundreds, now count by thousands of speci- 
mens, t and which would carry man back to early gla- 


But were we to 


| 
* Trans. Royal Society for May, 1859. | 
+ Trans. Society of Antiquaries for 1850, vol 


tin Mr. Harrison's collection Mone there are now 3,589 plateau speci- 
mens, It must be borne in mind that these flint implements are indestrac- 
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tibie, and that their numbers may represent the work of many successive 


adjacent deep river valleys. At the remote period here 
alluded to, these valleys did not exist, and the rainfall 


jescaped by wearing for itself channels on the clay- 


covered surface of the level pleatean, which was at 
that time Cominated by higher ground to the south, 
while the whole line of main drainage was to the north 
in the Thames valley. 
plain of chalk covered by argillaceous and drift beds, 
which thus beeame furrowed by the escaping rainfall ; 
and as the furrows gradually deepened they ended in 
the formation of the existing chalk valleys. It will, 
therefore, be seen that these valleys must be newer 
than the hills through which they are cut, and conse- 


Here, then, was a high level | 


sequently that the beds of sand and gravel, with the | 


remains of the extinct mammalia, together with the 


flint implements of Paleolithic man, found in these | 


valleys, nust also be newer than the drift scattered 
on the summit of those hills. This is a simple propo- 
sition, but is one seemingly not yet mastered by some 
of our geological friends. 


The great valley of Holmesdale and the river valley | 


of the Medway (part of this eroded series) form deep 
channels, the one parallel with the chalk escarpment 
and the other cutting through it: and in both of these 
we find abundant traces of Paleolithic man, associ- 
ated, where the conditions are favorable, with the re- 
mains of the mammoth, woolly rhinoceros and other 
animals. The significance of this fact cannot be too 
strongly insisted upon. 

A preliminary objection was raised against our in- 
terpretation of the plateau implements on the seore 
of their alleged indefinite shapes, and supposed ab- 
sence of recognizable signs of workmanship or design. 
This led many to reject them altogether as the work 
of man. But, rude as a large proportion of the pla- 
teau implements are, it soon became apparent that a 
certain number of them could be resolved into distinet 
groups, and that particular forms prevailed, which 
constituted definite types, such as— 

1, Serapers of various shapes. These predominate ; 
but, unlike the serapers of the Stone and Paleolithic 
periods, which form each a separate tool designed for 
the one object alone, these plateau scrapers, though 


| sometimes made for use as one implement alone, are 


most frequently combined on the same flint with other 
forms of tools, such as drills, trimmers and hammers: 
generations. The total number found up to the present time by the several 


collectors cannot be far short of 5,000. 
* Quart. Jour, Geo. Soc. for May, 1891. 
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—— 
or else a flat or chisel-shaped scraper will have at 
other end a circular seraper. Thus the one imph 
may serve for several purposes. It is a case of g — 
ized, preceding special, forms. senna 

2. Other scrapers have been formed out «/ split 'T 
tiary flint pebbles, sometimes split natura}|\. — 


A oa at 
times artificially. The edges are trimmed comm 
all round, so as to act as a rough seraper ji, whated 
ever position the pebble may best be bel: At the 


resent day a similar practice prevails alnong 
orth American Indians, who, whenever i, want of 
seraper, select a pebble, which they split and th ~ 
edges. They rarely keep the ol sera a 
tresh ones being so easily obtained. This too} is calied 
a pashoa or scraper, and is used by the Shoshone In 
dians to dress skins. ; 

3. Another common pattern is a flat, roughly point- 
ed implement, of which the sides form scrapers, while 
the central point might serve for other purposes, In 
some of these implements the point is very slight} 
protaberant, and has lateral bow-shaped scrapers = 
either side. This is a form peculiar to the plateay im- 
plements. 

4. A fourth and peculiar type of scraper is. in the 
form of a crescent, from one to three inches in breadth 
Sometimes these are made out of a thin flat piece of 
flint ; at other times they are rounded and shaped 
like a bent forefinger, and are about the size of one 
They may have been used for scraping bones or sticks. 
An iron tool with a similar curve, termed a “draw. 
shave,” is now used in Kent for scraping hop poles, 

5. Other forms of these rude implements seem to have 
been adapted for use as drills, small hand picks and 
other objects. 

6. Flakes, so common in the valley drifts, are rape 
and only a few show the “bulb of pereussion,” whieh 
is so characteristic of artificial fabrication. A sharp 
blow on any flint always results (as with the Suffolk 
flint knapper’s work of to-day) in a more or less promi- 
nent buib. There are geologists who assert that the 
may have been formed naturally—an assertion whieh 
might be as difficult to disprove as it would be to prove, 
Flakes simply for cutting purposes are rarely found, 
while they are common in the valley drifts and in Neo. 
lithic depets. 

7. Besides these more usual forms, implements of 
the spear-head type, so characteristic of the high-level 
gravels of the neighborhood of Amiens and in the 
Thames valley, and of the flat ovoid-shaped imple 
ments common in the lower gravels of Abbeville, are 
oceasionally met with. These plateau specimens—true 
prototypes of the later Paleolithic implements—are, 
however, very much ruder and smaller than the otb- 
ers; and, though a few rare, finely worked specimens 
are sometimes met with, there is reason to believe 
that, like the Neolithic implements also found in the 
same association, they are of a different and more re 
cent age. 

8. But by far the larger number of the plateau spe 
cimens are shapeless fragments of flint, usually flat, 
stained brown, and merely chipped or roughly trimmed 
on the edges, just as at the present day an Australian 
savage will take pieces of bottle giass or telegraph in- 
sulators and chip them into some rede form adapted 
to his simple wants. Some of these flints are roughly 
square, others long or pointed ; but all show artificial 
chipping or trimming on the edges, though whether 
so chipped by design or from use in chipping or break- 
ing other flints it is not always possible to say. They 
are merely rude natural flint fragments which hap- 
pened to have a shape that seemed available for the 
object the searcher had in view, yet having no defi- 
nite pattern. Stili the work is evidently artificial, 
though to an unpracticed eye it may not always be 
easy to discern. It is, in fact, often difficult to draw 
the line between the natural flints and those whieh 
have been thus manipulated. From the circumstance 
also of their having been merely natural flints picked 
up on the surface their original aspect often predomi- 
nates over the subsequent work.* 

Nevertheless, it is clear that the flints have been 
intentionally modified, ‘for we know of no natural 
ageney which could produce the signs of work 80 
abundautly shown upon them.”+ Not only is the 
workmanship of the rudest character, but the spect 
mens have frequently been so much worn that the 
work is commonly blunted and often obseured. Al 
though, however, there are hundreds of specimens 
having undefined forms, a large majority even of these 
will still be found to have relations more or less dit 
tinct (often very faint) with the several types just de 
scribed. It is evident that we are here in the presence 
of a very simple, and, may be, nascent intelligence. 
The work is, in tact, such as we might expect from 4 
race of a time so remote from us, and so remote even 
from the Paleolithic race of men; for whereas at the 
time of the valley gravels this land had assumed its 
present main physiological features of hill and dale, 
at the time of the plateau drift these surface features 
did not exist. We may judge from this how great was 
the distance of time which separated the two races. 

But, says one critic, rudeness of form is no test of 
age, and leaves it to be inferred that these specimens are 
no older than other rude forms of later ages. Whoof 
the advocates of the plateau implements ever said that 
it was? 1 knowof none. We particularly remarked 
in 1892 that rudeness of form alone was no proof 0 
antiquity, and that there were plenty of very rude 
specimens of the valley types.t| We would again ell 
phasize the fact that there are rude implements Dol 
only of the valley gravels, but also of Neolithic times, 
while among the stone implements of living savage 
there are many as rude as those of the plateau group. 

Each epoch had, however, its typical forms, and 
these are broadly persistent, howsoever rnde the spect 
mens may be. In the Neolithic period ax and chise 
shapes predominate; in the valley gravels the long: 
pointed and spatula-shaped implements are charae- 
teristic of the period; and in the plateau group val 
ous forms for seraping and hammering prevail n= 
are, no doubt, pointed forms in the plateau group, bu 
they have a different cachet from those of the val ey 
group, as these again differ from those of the subse 


* The various forms of the plateau implements are figured in the Jou 
of the Anthropojogical Institate for February, 1892, and rearrang hy 
additions, in the writer's Collected Papers on Controverted Quest 
Geelogy. 

+ Letter of Canon Greenwell to the author. 


¢ Journal of the Anthropological Institute, February, 1892. 
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Fs Stone period. There are, besides, certain gen- 
“- forius which persist throughout all the peri- 
ods, though perhaps varying a little in some minor 

Js. Simple flakes likewise, more or less worked, 
are found in all three periods. u 

Another critic remarks on the fact that pointed 
forms of the Amiens pattern occur on the plateau, and 
would have it, therefore, that all other forms also be- 

to the same race of Palwolithie men. But in the 

and low level valley drifts types of the same 
character are repeated, notwithstanding their differ- 
ence of age; while closely allied Paleolithic forms oc- 
enroceasionally among Neolithic specimens, vet no one 
would seriously contend that the relative age of the 
two was affected by the circumstance. 

Others would have it that the implements are found 
in a peculiar bed of clay which is of local origin, and 
jg, therefore, not a drift deposit. We, however, have 
never found them io that particular flinty bed when 
undisturbed, though they are met with on its disturb- 
edsurface. The drift on that surface is certainly not 
of local origin, as is shown by the presence in it of 
fragments of strata derived from the hills some miles 
distant to the south. 

Again, it has been contended that the small valleys 
pegan their career on the ylateau and finished as 
the larger river valleys, and consequently that they 
all belong to the same epoch—forgetful of the great 
lapse of time between the beginning and the end of 
the valley excavation. 

Some critics have even gone so far as to deny the 
workmanship of the flints, because, as they contend, 
they show no bulb of pereussion. But how many of 
the valley specimens show such a bulb? Certainly 
not one ina hundred or more. Where the trimming 
has been done by pressure or by slight chipping it is 
not likely there would beany. The argument, how- 
ever, ix futile, because the fact is that some, though 
very few, specimens of the plateau implements do show 
such a bulb. 

It has also been frequently asserted that these imple- 
ments are natural forms produced by the friction of 
the shingle on the shore orin the beds of rivers. Chal- 
lenged to show any such natural specimens, those who 
have made the assertion have been unable, although 
nearly three years have elapsed since the challenge 
was given, to bring forward a single such specimen. 
If, moreover, implements were formed in that manner, 
they should be found in gravel beds of all ages and 
origins. So far from ranning water having this con- 
structive power, the tendency of it is to wear off all 
angles, and reduce the flint to a more or less rounded 
pebble. 

Such have been the main adverse arguments urged 
against the plateau implements.* It will be seen that 
most of them have been directed against conditions as- 
sumed apparently under misapprehension of the facts. 
We cannot, however, pretend to deny that there are 
yet some unsolved difficulties, in the removal of which 
let us hope that, after more of our critics have visited 
the ground, we may have their co-operation. 

That there should be hesitation in accepting the arti- 
ficial character of some of the work we are not sur- 
prised. Were it not for the circumstance that design 
isshown in the frequent repetition of the same form, 
we could well understand that there should be some 
skepticism.+ Substituting ‘* form” for “ color,” might 
we not look upon this as a condition parallel with that 
of color blindness? In the one ease certain colors are 
invisible to the patient; inthe other certain marks 
fail to be apparent to his apprehension. 

One point of difference between the valley and the 
plateau forms is that the former are commonly large 
and massive, and not adapted for use in the hand (al- 
though there are marked exceptions to this), but would 
appear to have been fixed to the end of a pole or stick 
for use as weapons of offense or defense ; on the other 
hand, the plateau implements are mostly of small size, 
and fitted for use only in the hand. This is further to 
beseen in the fact that they are generally worked 
round all the edges, so that they could be used in dif- 
ferent positions and on all sides. This absence of the 
large massive implements is a noticeable feature. 
Whence could this have arisen? The elephant (E. an- 
tiquus), rhinoceros (R. etruseus), bear (Ursus spelus), 
and various formidable carnivora had already appeared 
on the land, so that weapons of defense would appear 
to have been as much needed as in the subsequent 
Paleolithic period. Was it from waut of skill or want 
of power? Were those men so devoid of intelligence 
or so unable to cope with their feral enemies that they 
sought shelter and refuge in the trees of the forest ? 
Can we venture on a conjecture that they were in that 
Sense an arboreal race ? 

These are questions we cannot pretend to answer. 
What little is known of Paleolithic man leads us to 
suppose that he differed but slightly in structure and 
habits from the modern savage. Of the strueture of 
the plateau man we know nothing. All traces of his 
frame, as also of those of the local contemporary mam- 
malia, which might have inhabited the same wilds, 
have disappeared in the long roll of ages. How surely 
this can be Jaccomplished in permeable drift deposits 
we have already (ante, p. 618) pointed out, in the in- 
stance where the solid caleareous contents of a bed of 
gravel have been removed as completely as if they had 
hever existed, 

Of what use, then, were the implements? They 
_— at least be used for hammering. for breaking 

nes, for seraping skins, bones and sticks, and for 
chipping and trimming other stones for use. All this 
a. to a very simple and primitive race whose wants 
nd am who, perhaps, lived largely on fruits and 

. tere may have been races yet older in other 
parts of the world, but in Britain none older have yet 
ae with. What their age may be, in terms of 

chronology, we cannot say. In geological chro- 
nology we have reason to believe that they preced- 
Glaci; "vm contemporaneous with some part of the 
ing the period—that is to say, if we are right in suppos- 
- at the vreat valleys of Holmesdale and the Med- 
way were excavated by the rains and ice of that period 





. 2 — 
” denne fender will find discussions in which these various objections are 
on the ocea the Journai of the Anthropological Institute for February, 1892, 
aie of the author's paper on the plateau implements; and more 
subi ¥ fon the occasion of Professor Rupert Jones’ address on the same 
Ject at the Oxford meeting of the British Association in August, 1894, 
reported in Natural Science for October that year. 


t The same skepticism was shown by a former gene! vi 
f s ration with respect to 
the impiements from the valley drifte.” 7 








—while a limit to their antiquity is drawn by the ru- 
verposition of the plateau drift onthe Lenham Crag of 
liocene age. 

Of the greater antiquity, therefore, of the plateau 
men we think there can be no doubt. Some estimate 
of the remoteness of that time may,be formed by con- 
sidering the position and age of Palwolithle nan. As 
1 observed on a former occasion,* when, thirty-five 
years ago, the barriers which restricted the age of man 
to a limited traditional chronology were overthrown 
by the discoveries in the valley of the Somme and in 
Brixham Cave, the pent-up current of geological opin- 
ion tended to the other extreme of assigning to man 
(post-Glacial) an antiquity unwarranted by the facts. 
Measured by our own limited experience of natural 
agencies, the deepening of the valleys, the life of the 
successive generations of the Pleistocene mammalia, 
and the dying out or extinction of a large number of 
species were thought to demand a very long period of 
time. Consequently it was at first suggested that the 
Glacial period commenced possibly about a million 
years since, and that the post-Glacial period had lasted 
about 200,000 years. 

It was felt, however, on the other hand, that the 
very large proportion of existing species of land and 
marine animals which lived during the Pleistocene 
period, and had sinee undergone no change, combined 
with the stationary condition of man himself during 
so long an interval, presented serious objections to 
adopting such lengthened periods of time. On neither 
side, however, were the conclusions based on any defi- 
nite data. To the uniformitarian the assumption of 
limitless time was an indispensable need, and, there- 
fore, in the absence of any available geological scale, 
geologists were led to adopt the astronomical chro- 
nology of the late Dr. Croll, who, after first suggesting 
the higher figures, concluded that the insetting of the 
Glacial period took place 240,000 years ago, and the 
end of the post-Glacial period 80,000 years ago. 

The extreme opinions, which, in reference to the 
Quaternary period, dealt with millions of years, are 
now probably held by few; but still many and possi- 
bly the majority of geologists ussign to the Glacial and 
post-Glacial periods measures of time which involve for 
the antiquity of man the vast periods just mentioned. 
Nevertheless Dr. Croll himself considered that the 
modern doctrine of uniformity had led geologists to 
overestimate the Jength of geological periods. In the 
result, the discussion of the hypothesis still left the 
disappearance of Palwolithie man at a distance of 80,- 
000 years from our own times. We, however, can find 
no geological warrant for this great interval. There is 
no proof that Neolithic man reigned throughout so 
long a period. Time has been too much used to ex- 
plain all difficulties. Time, it is true, is illimitable,and 
there is no occasion to be niggardly in its use; vet on 
the other hand, there is no occasion for prodigality,t+ or 
to employ it in support of problems when other expla- 
nations fail, and time is resorted to as the deus ex 
machina. 

Of the length of the reign of Paleolithic man no defi- 
nite measure has been suggested. We have on previ- 
ous occasions endeavored to form some approximate 
estimate. It is for those geologists who place his dis- 
appearance at a distance of 80,000 years to say what 
additional term they would require. For our own part 
we know of no geological evidence to support such 
very long terms. They rest altogether upon Croll’s 
hypothesis, which entirely fails to satisfy the geologi- 
eal conditions of the tertiary and secondary formations; 
and, with the failure of that hypothesis, those measures 
of time must also fall. We need not here repeat the 
reasons which led us to conclude that the appearance 
of Paleolithic man—that is to say, the man of the val- 
ley drifts—does not extend probably beyond a distance 
of about 20,000 to 30,000 years, and his disappearance 
at from about 10,000 to 12,000 years from our own 
times. 

Paleolithic man is admittedly post-Glacial. Between 
him and Plateau inan, or as it has been suggested he 
should be termed, Eolithic man, is the wide gulf of the 
period of extreme glacialism, when this land;was either 
under ice and snow or under an ice-covered ocean. 
According to Croll this period would appear to have 
lasted for more than 150,000 years. I have ventured 
on an approximate estimate of 15,000 to 25,000 years, 
though it must be admitted that the data for this are 
still very insufficient. For us, however, the Ymportant 
question at present is to understand that anyhow the 
time needed for the advance and retreat of the great 
ice streams must have been long; and it is this which 
gives the measure of the interval between the Plateau 
and the Palzolithic racesof men. A very considerable 
length of time must also have been needed for the evo- 
lution of the symmetrical forms of the valley drift im- 
plements from the 1ude plateau types, a transition 
greater than that which separates the work of the 
valley from that of the stone period artificers. 

No traces of older man have been met with on our 
land ; and though elsewhere instances have been re- 
corded they have either proved mistaken or else re- 
quire confirmation. Of one thing I feel satisfied, which 
is, that in no other instance do the phenomena exhibit 
so well as in this part of Kent the successive geologi- 
cal stages bearing upon the human occupation of the 
land, and so clearly help to establish the ‘* Greater 
Antiquity ” of early man. JOSEPH PRESTWICH. 





PSYCHOLOGY.t 
By E. B. TITCHENER. 


PsYCHOLOGY, as we all know, is the “science of 
mind.” But such a definition does little more than 
raise the question. What is mind? We cannot take 
mind for granted, for it is the very thing that psychol- 
ogy has to investigate. And yet, although “ mind ” is 
one of those words which it is impossible to define, 
every one is able to attach some sort of meaning to it. 
What do you yourselves mean when you talk of your 
“mind”? You mean, probably, some particular 
group or set of your internal experiences ; some tan- 
gle or other of feelings, thoughts, desires, resolutions, 
ideas, wishes, hopes, actions, emotions, impulses, ex- 





* Quar, Journ, Geol. Soc. for Angust, 1887. 
+ Our observations apply only to the geology of the Quaternary period. 
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pectations, memories. There are plenty of words 
ae different ‘‘ sides ” of mind, as they are called. 
Mind, then, is the sum total of all these experiences— 
of all these processes, There is no mind beyond them ; 
the term is simply the collective name of all such 
processes as those which I have enumerated. 

I said, however, that when you talk, in an everyday 
way, of your ‘‘mind,” you probably refer to some 
special set or group of these experiences. When you 
say, ‘I cannot make up my mind whether to do it or 
not,” you mean that you cannot make up your present 
mind. Now herefthe psychologist makes a distinction. 
We use the term “ consciousness” to express the mind 
of the present moment. Thus if I were to ask you to 
tell me something of your tame just now, I 
should say to you: ‘*Look into your consciousness, 
and see whether so and sois taking place or not.” Or, 
again, if 1 were to analyze for you your present state 
of mind—to try and imagine what is going on inside of 
you as you listen to me—I should speak technically 
of analyzing your consciousness. Consciousness is the 
mind at any moment. Mind, therefore, is the sum 
total of consciousness experienced in the Jifetime of 
the individual. You have one mind, extending (I hope) 
over seventy full years ; but the mind upon which you 
experiment at any given moment for psychological 
purposes—or the mind which you make up at a given 
moment—is called your consciousness, So that psy- 
chology, while it is the science of mind,in the sense 
that it deals with all the mental experiences of a man, 
from the time of his birth to the time of his death, 
deals in any special hour, during any special inquiry, 
with the phenomena of consciousness. 

But [econsciousness—as the number of words in my 
catalogue of a moment ago sufficiently indicated—is a 
very intricate, complex and tangled matter. If we are 
to examine it at all carefully, we must try first of all to 
get some sort of order into its phenomena. Let us be- 
gin the attempt at once of describing our internal ex- 
periences, as accurately as possible. 

We notice, at the outset, that we are to a large ex- 
tent at the mercy of our surroundings, of things out- 
side of us. We are not free tosee what we like, to hear 
what we like, to touch what we like; what we see 
and hear and touch is all determined for us, by 
the physical nature of the bodies from which impres- 
sions come. You can understand, of course, that this is 
true in the simple instances that I have given; but I 
want to prove to you that it is true ofa very large 
part, indeed, of our mental experience. Put down in 
the first place (1) sensations and perceptions. Every 
time that one of our sense organs is excited, is put in 
action, that is done by means of something in the ex- 
ternal world. An ether vibration makes us see; 
an air vibration makes us hear or smell, and so on. 
Those are sensations. And perceptions only differ from 
sensations in being more complicated. hus in the 
sphere of sight, you perceive a house or a tree; in the 
sphere of hearing you perceive a wusical harmony or 
a musical discord; in the sphere of touch you per- 
ceive that a complex of impressions isa piece of wood, 
or a piece of wire, or what not, The tree and the 
house are compound impressions, containing many 
colors and many shapes; the musical chord is a com- 
pound of three or four or more simple tones, and so on. 
All this, very obviously, comes from the outside world. 
So, too, does (2) memory. You cannot remember what 
has not happened. If youtry to remember a name, 
you try to recover a lost perception—the perception of 
the spoken word. If you try to remember a picture, 
you are attempting to recover a lost visual perception. 

t is for this reason that the psychologist distinguishes 


' kinds or types of memory—the visual, the auditory and 


the motor. People who can play chess blindfold have 
the visual memory very highly developed. They do 
not, perhaps, see every piece in their mind’s eye, but 
they see the board as a whole, and know where each 
piece upon it is. Most ‘*extempore” speakers, too, rely 
upon their visual memory. There is comparatively 
little true extempore speaking done. Of course if a 
man is thorougbly familiar with his subject, or is 
speaking under the influence of strong emotion, he 
may be able to address an audience without prepara- 
tion. But most of us who speak ‘ without notes” do 
so by the aid of our visual memory; we see what we 
have writtev, mentally, paragraph by paragraph, and 
when our eyes are on our hearers, are really reading 
from a memory manuscript. Instances of good audi- 
tory memory, again, are furnished by those fortu- 
nate persons who can recall accurately the airs of an 
opera that they have only once heard. And people 
who play the piano ‘‘ by ear,” play by finger memory ; 
their memories are muscular or motor. All these 
memories, then, depend upon the external world. So 
(3) does imagination. Imagination can put percep- 
tions together in new or unusual ways; but it can 
never make a new perception. Try to imagine a color 
which is differentfrom all the colors that are known. 
You cannot do it. You may imagine mixtures of colors, 
hues and tints obtained from combinations of the 
known colors, which you have never actually seen; 
but you cannot imagine a new color. The same fact 
comes out in works of fiction. When Baron Mun- 
chausen takes you to the moon or the dog star, and 
shows you their inhabitants ; and when Peter Wilkins 
deseribes to you the population of the South Pole— 
these people are simply human beings, with their 
characters changed and modified in various ways. 
They can take their eyes out of their heads and pass 
them round to their neighbors, or they have wings 
which fold around them and serve as clothing; but 
there is nothing new in all this. It is only the putting 
of the perceptions together that is new, not the per- 
ceptions themselves. And the same is true of all the 
constructions of the imagination, as they are called, 
devils, centaurs, sea serpents, dragons, hippogriffs, 
ghosts and the rest of them. 

The world outside of us, then,is responsible for a good 
deal of our mental furniture. We can simplify mat- 
ters, here, for purposes of classification, by group- 
ing together sensation, perception, memory image 
and imaginary} representation, as ‘‘ideas.” Sensa- 
tion is the raw material from which ideas are built 
up. As for the other usages: if you cannot remember, 
you say, “I haven’t any idea of what that man’s name 
was;” and if you are endeavoring to imagine a cir- 
eumstance, you say, “‘I haven’t any idea of how that 
could have happened.” 
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experience. Now in the second place, we are in some 
respects not at the mercy of the world outside, but 
the world is at our mercy. What is the great differ- 
ence between the animal and the plant? — this, 
that the animal can move at will, while the plant is 
stationary. That seems to bea very simple matter ; 
but just consider how much it means. If the plant is 
going to lead a stationary life, it can take advantage 
of the fact—I speak metaphorically, of course—to be 
eareless of its shape and size; or rather, it must make 
itself as big and as complicated as it can in order to se- 
cure all the nourishment possible from one settled spot. 
The result is that the plant carries its lungs and _ its 
digestive apparatus all over it, on the outside. You 
know the funetions of leaves and roots, With the 
animal the reverse is the case. It is going to move 
about. It can seek food in different places. 
thing for it, therefore, is to have its lungsand diges- 


The best | 





mal from the plant, and that along with movement 
went power over the external world. Now what has 
movement to do with attention?” That is a perfectly 
fair question, but one which I cannot here answer for 
you in detail. To understand the fact of the connec- 
tion thoroughly—and the connection is a fact—you 
must have studied psychology. But I can give you a 
yair of statements which will be better than nothing. 

he first is this: Whenever we attend, we move. I do 
not mean that the whole body moves, that there is 
locomotion, but that there is movement—movewment in 
the eye, movement in the ear, movement in the scalp, 
movement somewhere. And the second is this: It is 
the moving thing that attracts the attention. You 
cannot attend to one single thing, one really single 
thing, for more than a few seconds together. Either 
you go to sleep, or you go into hysterics. On the other 
ed one is almost constrained to attend to anything 


tive organs packed away inside of it; so that it can| that moves. You can hear the single voice that carries 


get about with as light a weight to 
venient a balance of that weight, as possible. 


carry, and as con-| the melody, 
There | hundred instruments thundering on at the same time, 


when there is an orchestra of half a 


must be no loose ends left on the outside, injury to| because the melody changes, the tones move; while 


which would mean inefficiency or death. Well! You 
see that by moving among things at its own will and 
yleasure the animal has a certain power over the ex- 
onal world. How is this power represented in con- 
sciousness ? In two principal ways: (1) Whenever we 
move; or, to put the matter more technically, and 
more definitely with reference to ourselves as distinct 
from the lower animals, whenever we act, we have in 
consciousness the experience of effort, of endeavor. 
This is an experience quite different from the experi- 
ence that comes to usas ideas. We can have, naturally, 
an idea of effort ; that would be the idea of some per- 
son making the effort, or the idea of some obstacle to 
be overcome by effort, or what not. But besides the 
idea of effort, we experience effort itself. That is one 
of the hardest points in psychology to have made clear 
to you, or to make clear to yourselves. This instance 


may help you: You know that we speak of one man as 
having more “go” in bim than bis neighbor, without 
implying by the phrase that he has more ideas. There 
are many names for the effort experience. Some psy- 
echologists speak of it as the experience of spontaneity, 
of one’s own initiative; others of an activity in con- 
sciousness. “ Effort” is at once the most concrete and, 
I think, the most intelligible word. (2) Our power 
over the world outside, again, is manifested in another 
way—by the phenomena of attention. Not every pro- 
eess among our physical surroundings has us at its 
merey in the same degree. We are exposed to all 
manner of impressions; but they are not all alike 
powerful to affect our consciousness, Think of your 
own state of mind now. You have presented to you a 
eertain number of visual impressions—the rcom, its 
furniture, the people about you. You are subject to 
certain temperature sensations ; to certain pressures, 
from your clothing; to certain organic sensations, 
hunger or satiety. Each of you hasa large stock of 
memories, ready to crowd into consciousness if they 
are allowed to. Each of you, again, has the day’s 
programme in his mind; he can imagine what will 

done between now and bed time; and this train of 
ideas of the imagination is ready to sweep across bis 
mind, if free play is given to it. But all this medley of 
conflicting influences you are able, if you like. to 
neglect. You can just brush them aside, by attending 
to the single series of auditory impressions that is af- 
fecting you. to the succession of words which I am 
speaking. When the whole of your surroundings is 
pressing in upon you through the avenues of the sense 
organs, clamoring for notice, you have the power of 
choosing which shall be let in at the door of conscious- 
ness. Only those facts cross the threshold to which 


you desire to attend. 

“ But,” you may say, “suppose that this is true, 
what has attention to do with movement? You told 
us that it was movement that distinguished the ani- 
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the accompaniment is relatively stationary. So that 
attention to the melody is easy. If any of you have 
been out shooting after dark, you will know that one 
tells the game by its movement. So long as it is still, 
it is safe. But let it move, and though the eyes have 
been looking in a quite wrong direction, the attention 
is drawn upon it by force, as it were ; one cannot help 
seeing it. 

Those, then, are two categories of mental experience. 
There is one more to mention. This self of ours, this 
“1,” which is exposed to the physical changes in the 
world in part, and in part helps to bring about physi- 
cal changes in the world by moving to and fro in it, is 
not indifferent to what goes on in either case. It does 
not just have ideas, on the one hand; and attend to 
them or move in consequence of them, on the other. 
It does more ; it feels. it feels when impressions come 


in ; it feels when efforts go out. So that alongside of 
ideas and efforts must come a third category of mental 
experience—feelings. Feeling is of two kinds, pleasur- 
able and painful. It is quite distinet in consciousness 
from ideation, and from effort and attention. That is 
another of the points which arise at the very begin- 
nings of a study of psychology that it is extremely 
difficult to get clear about—that pleasure and pain, as 
such, belong to an entirely different order of processes 
from the processes which we call collectively ideas, 
But it is a fact, despite the intimate interconnection 
of the two in our concrete experience. Let me try to 
drive it home for you by two illustrations. You can- 
not remember a pleasure or pain. When you try to 
recall the pain of a flogging that you had at school, 
what you recall is really only the complex of percep- 
tions, not the pain itself. You remember all the cir- 
cumstances—your being sentenced, the people stand- 
ing round you, the room in which the fatal event took 
place, the master who did the deed. All these are 
ideas. But so far are you from being able to remember 
the actual pain of the flogging that the memory of the 
circumstances to-day may be actually pleasant; you 
smile as you look back on them. That is the first illus- 
tration ; the second is this: You cannot attend to a 
pleasure or pain assuch. It isa common saying that 
if you attend to a tuothache, for instance, you “ make 
it worse.” That is bad psychology. You attend, in 
reality, to the tooth. That means that you perceive 
the tooth more clearly than anything else for the time | 
being ; your idea of the tooth is the very strongest in | 
consciousness. But by attending to the idea and so 
making it clearer, the feeling that goes along with the 
idea is made clearer, too. Sothe pain “gets worse,” 
not because you attended to it, but because you at- 
tended to the group of perceptions with which it was 
connected. 

Now, then, we have got our raw material into some- 
thing like order. Consciousness, instead of being a 








shapeless tangle and maze of various intert wine 
interwoven processes—as it appeared to us to be w 
we started out on our inquiry—has proved to 
eapable of arrangement and simplification, You may, 
it is true, raise the objection that our table of con. 
tents is, perhaps, not inclusive of every known meutal 
state. here, you —— ask, is emotion ; where ig ex 

station ; where are all the rest of the familiar terms 
or mental experiences? Well, you must take m 
word for it, that all these other states of mind or am. 
tal experiences can be derived from the three simple 
processes which I have named to you. If you were to 
work through a_ psychology, you would find that 
there was nothing treated of, in any chapter of jt 
which was not a compound of these three sets of ele. 
ments—ideas, feelings and efforts—mixed in different 
proportions. And that being the case, it is these three 
elements with which psychology begins. She first of all 
describes them, as minutely and accurately as possible 
and then furnishes a theory or an explanation of them: 
in the sense that she gives the conditions, bodi} and 
meutal, of their appearance in consciousness. Under 
what conditions do we have this and this perception 7 
Under what conditions do we remember and imagine? 
Under what conditions do we feel so and so, attend to 
this and that? These are the questions that come up 
for answer. 

Into those questions we cannot here enter. Let it be 
sufficient for you, in this lecture, to have learned the 
names and characters of the simplest items of mental 
experience—of those items whieh are always and jp. 
variably present in our concrete, everyday experiences, 
Draw for yourselves an outline map of mind. You 
must make three countries, as it were, within that 
map. Ideas must go in in one color to the right; efforts 
in another to the left; and feelings will lie in the 
middle between the two. And you must suppose that 
each of these three territories has an independent 
government ; but that their governments are very 








LOW TIDE 


friendly, and often take joint aection—indeed, that they 
hardly ever think of taking action of themselves. 
vecially must you conceive that both idea and effort 
ave right of way through any part of the dominion 
of feeling ; and that the communications are so open, 
and the relations so close, that scarcely anything can 
affect idea or effort, from the outside or from the in- 
side, that does not also exert an effect upon feeling. 
The detailed survey of the three territories, and the 
laying down of roads through them for the student to 
follow—that is the further business of psychology. 





THE BARRIER REEF OF AUSTRALIA. 


ALL along the northern coast of Queensland, that 
is to say, for a length of more than 1,100 miles, we mee 
with a large number of reefs formed exclusively of 
corals, which collectively constitute the Great Barrier 
of Austraha. These breakers, which were first discov 
ered by Cook, have been scarcely known, except from 
the difficulty, and even the impossibility, of navigat- 
ing them, experienced by mariners. Fortunately — 
naturalists and geographers, the government © 
Queensland, desirous of knowing this living barrier, 
which almost wholly shuts off aceess to it from the 
sea, and of finding out what resources it might be ca- 
pable of yielding, had it explored by that very distin- 
guished geologist, Mr. Saville Kent. The latter has 
surveyed the reef in every direction for several —=— 
and obtained results that are very interesting, not on'Y 
from a scientific, but also from an economic view 
point. ; is 

The great reef begins at Torres Strait and extens 
as far as to Lady Elliot Island, its distance trem “ 
coast varying between nine and ninety wiles. . is 
a true wall, which, rising from the bottom, where ! M 
formed of dead polyps, comes flush with the surface 


of the sea, where it is formed of living madreporara, 
But the breaches in this wall are numerous, 4 
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twenty-two of them even permit of the passage of 
ships of quite large tonnage. At the period of high 
tide. nearly the entire archipelago disappears under 
athin sheet of water, but at low tide the polypi near- 
est the surface appear in the air and form vast spaces 
that often extend beyond the range of vision. 

Between the coast and the reef, however, there al- 
ways remains a free space that oecupies a a 
of noless than one million square feet, and where the 
sea is alinost absolutely calm, On the contrary, upon 
the entire eastern edge of the reef, the sea is con- 
stantly agitated and breaks into foam thereupon. 

The grext majority of the organisms that form the 
reef are corals, those rawified ‘shrub-like objects of 
irregular form and stony consistency that every one 
has seen in museums of natural history or in the 
pazars of seaside cities. By the fineness of their cal- 
eareous tissue and by the often regular designs that 
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MAP OF AUSTRALIA, SHOWING THE POSI- 
TION OF THE GREAT BARRIER. 


ornament them, the specimens brought to France are 





of so rare elegance as to cause a demand for them for 
etagére or mantel ornaments. 

But how much prettier still are these corals in their | 
native state! Covered with small polyps, having ele- | 
gantly dissected tentacles and exhibiting tints that | 
are varied to infinity, they form genuine shrubbery | 
bearing animate flowers that give the reefs the aspect 
of the most beautiful garden plots. There are red, | 
blue, green, lilac and yellow ones, and those of other | 
colors still. Some exhibit to us crude tints that recall | 
the simple paintings of the Chinese ; others have rain- 
bow reflections, and others still—a sort of Loie Fullers 
—possess chatoyant tints that vary with the incidence 
under which they are observed and the intensity of | 
the light that strikes them. And what shall we say 
of their forms? To cite all of them is something not | 
to be thought of. Let us, however, mention the most 
frequent: The symphyllies, capable of reaching sev- 
eral feet in diameter, are covered with complicated | 
meanders ; the goniasters resemble human crania; the | 
pocillipores are shaped like a cauliflower; the fun- 
gias recall huge stipeless toadstools, with gills borne 
upon the upper surface; the lophoseres are arranged 
in vertical leaves, and the madrepores resemble ram- 
ified and tufted bushes. 

All this forms colonies, each of which comprises 
myriads of individuals. Continuously destroyed at 
the base, they are constantly renewed at the summit. 
The detached polyps form a new colony. Far from 
being fond of a calm, they seek a tempest, and the 
billow that breaks them merely increases their num- 
ber and their vitality. The solid part of the mass is, 
besides, formed of alge, which, far from possessing the 
habitual softness of such plants, are incrusted with 
line, and, in their hardness and aspect, simulate true 
polyps. 

Amid these madreporia and these alge that consti- 
tute the greater part of the reef, there exists an ex- 








PEARL OYSTER. 


traordinarily rich and varied fauna, There are here 
oa wemones of gigantic size, gelatinous alycyonarias, 
tha nollusks,{transparent crustaceans, fantastie holo- 
po Se sea urchins with huge spines, fishes with 
~~ omg mottled sides, ete. All this little world lives, 

oves and reproduces itself and dies in always leaving 


® part of itself upon the reef, to the building u n 
solidification of which it contributes to a slight =. 
¥ Many interesting facts are still to be gleaned in 
M errestrial paradise of the naturalist ! 
a aeville Kent is a very broad-minded man. De- 
Spite his love for pure science, he has not neglected the 





Practical side of his mission. | In this order of ideas he 


has reached very fine results. The Great Barrier 
Reef, in fact, gives rise to three industries—the pearl 
and trepang fisheries and oyster culture. 

The pearl oyster industry, the headquarters of which 
are on Thuroday Island in Torres Strait, yields a 
revenue of $350,000 a year. The oysters live at a depth 
of seven or eight fathoms. They are collected by 
divers from the bottom of the sea, where they lie free 
or are attached by a few. horny filaments after the 
manner of mussels. The master of the boat deals es- 

ially in the mother-of-pearl of the shells, the pearls 
ing relatively rare. Sometimes, however, very 
beautiful specimens are met with, as shown in one of 
our figures, which represents an oyster containing 
pearls of different sizes. The difficulty of fishing for 
the pearl oyster decided Mr. Kent to try artificial cul- 
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ture. The experiments are not yet decisive, but every- 
thing leads to the hope that they will soon be crowned 
with success. They have shown, in fact, that, con- 
trary to the opinion of the fishermen who consider the 
pearl oyster as a migratory animal, the mollusk is 
sedentary or at least does not move about much. They 
have shown, too, that these shellfish can be quite 
easily transported and will live in shallow water. It 
is to be hoped that the pearl oyster culture will soon 

rove a source of wealth for the Australians. We 

now, in fact, that it is possible to cause the oysters to 
produce pearls artificially through the introduction, 
between the body of the animal and its shell, of grains 
of sand or of various objects, which become gradually 
surrounded with nacre and thus change into so many 
fine pearls. 

The trepangs give rise to a very large trade with the 
Chinese, who consume great quantities of them. These 
are holothurians of various species resembling cucum- 
bers, and some of which are three feet in length! 
These animals, known also as sea cucumbers, with 
a serpentiform body of glutinous aspect and covered 
with singular appendages, crawl slowly over the sur- 
face of the madrepores in pools of water. They are 
collected by hand at low tide. When they live at a 
greater depth, the fishermen capture them from their 
boats by means of a trident. As soon as they are cap- 
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tured they are boiled and then eviscerated. They are 
afterward dried in the smoke of the wood of a species 
of Rhizophora, until they are of a very hard consist- 
ence. In this state they resemble black dried sausages, 
and are ready for shipment to the Chinese, who pay a 
high price for them and use them for making soups 
and various other dishes. It seems that the Aus- 
tralians are likewise acquiring a taste for them, and 
trepang soup may soon ome the national dish of 
Queensland, as is the “ bouilla-baisse ” at Marseilles. 
Edible oysters live scarcely any where else than along 
the coast, and particularly in the vicinity of the large 
estuaries, They prefer brackish water containing equal 





of sea water and fresh water. They form immense 
oks in the mud of the swamps ending at the sea,and it 
is only necessary, so to speak, to stoup in order to gather 
them. It is a curious fact thatthey may be seen upon 
the roots and branches of the mangroves that grow 
along the coast, and this formerly gave rise to the 
legend of trees that bore oysters instead of fruit. Itis 
useless to say that these mangroves are bathed by the 
water at high tide, or at least receive a sufficient sup- 
Pyot sea water to support the life of the mollusks. 
he work which we have just summed up in its 
general features shows what interest attaches to a 
knowledge of the Great Barrier Reef. Mr. Kent pro- 
poses to establish a maritime laboratory there for a 
profounder study of it. This is an cncsliont idea, for 
which we applaud him.—L’ Illustration. 








TRILOBITES. 


THE recent admirable work of Prof. C. E. Beecher at 
Yale on the trilobites is a continuation of those most 
valuable researches which have been undertaken at 
the museum in New Haven under the direction of 
Prof. O. C. Marsh. The work of Prof. Beecher is par- 
ticularly interesting, the more so since what he is 
securing is indeed news about a very old family. 

The trilobites were very numerous inhabitants of 
the waters in past geologic ages, of which it has been 
supposed that no near relative survives. Through our 
country they are to be found in quantities in New 
York, Ohio and other limestone States, and are very 
frequently found curled up in little rounded balls, 
strongly marked by the two deep grooves which give 
the fossils their three-lobed appearance. For many 
years the trilobite has been set down in the zoologies 
as a relative of the horseshoe crab so common along 
our shores, but through Prof. Beecher’s investigations 
a somewhat different place in nature has been as- 
signed to this prolific crustacean. 

The basis of the discoveries has been the finding of 
a new set of fossils in a new locality in New York State. 
A fossil is preserved to us through the substitution of 
mineral matter for the tissues of the once living ani- 
mal, and this substituting material may be very differ- 
ent in its constitution. Sometimes lime replaces the 
animal tissues, sometimes silica or flint, and sometimes 
iron pyrites. As these materials are different, so the 
process of replacement is different in its nature, bein 
for some materials more delicate than for others, an 
the pyrites replacement may be termed a replacement 
in a very delicate and gentle manner. For this reason, 
in the new series of fossils, the process having been a 
gentle one, the more delicate portions of the anatomy 
have been preserved and may now be studied. 

It has been discovered in this way that the trilobite 
had antennae, and quite a complicated system of legs. 
So complicated is this system that patience has been a 
very necessary element in the investigation. Even the 
inspection of the legs in a recent specimen of allied 
nature is impossible without an actual manipulation 
of these members to determine their position and the 
nature of the portion of the body which they conceal. 
In the fossils, similar information can be gathered 
only by the examination of numerous specimens which 
cannot always be furnished, or by the gentle cutting 
away of the exposed portions of the fossils, always a 
difficult and delicate process. 

The appendages or legs which Dr. Beecher has dis- 
covered are double in their use to the animal, being 
composed of two parts, one a blade for swimming pur- 
yes and the other a toe upon which to walk, 
his mechanism and other technical features point to 
a position for the trilobites altogether different from 
that heretofore assigned to them, and they may now 
be considered as allied to the copepods, a crustacean 
of which there is a number of living species. 

The fact that anything so delicate in its nature as 
the antenne could have been preserved is an encour- 
agement to investigators, for it is now thought that 
the process which did not destroy these members may 
have left practically undisturbed the interna! tissues, 
and if so, these may be examined and the nature and 
position of the trilobites be accurately established. 

Since his discovery of legs and antenne, Prof. 
Beecher has been very active in his investigations of 
the structure of trilobites and their embryology. In 
these matters he has issued a number of toakadonl 
papers in the American Geologist and elsewhere. It 
may seem a curious matter to attempt to study at this 
late day the development of a family which is to-day 
extinet, but the remains of this ancient race furnish a 
very large proportion of the younger forms, thousands 
of them, and the difficulty is rather to secure a suf- 
ficient number of the adults which have not curled up 
at their death, to render a study of their lower side 
and its appendages possible. 

Prof. Beecher’s work brings to mind the position 
which Yale has ever held under Prof. Marsh in the 
study of fossil forms. The prolific Western beds, which 
have made such wonderful yields within the past few 
years, have been studied here, and the restoration of 
the enormous and eccentric animals which once 
roamed over our country has been largely done within 
the walls of this museum. 

The great Brontops, an enormous two-horned rhi- 
noceros, which nensiie equaled in size the elephant of 
to-day, was found in its most perfect representatives 
by Prof. Marsh in his investigations in Dakota, some 
twenty years since. Triceratops, the great horned 
lizard, twenty-five or thirty feet long and ten in 
height; Brontosaurus, another of the Dinosaurs, a 
herbivorous reptile walking on four feet, with long 
outstretched neck and dragging tail, a vegetarian of 
sixty feet in length and thirty in height, with a prob- 
able weight of more than twenty tons—such specimens 
as these it has been the work of the Yale museum to 
investigate and publish to the world ; and here, in the 
capacious storehouses, are the bones of these great 
animals, so enormous that they cannot find place in 
the present exhibition rooms. 

The releasing of these specimens from their inclos- 
ing matrices of stone is an interesting process, They 
do not fall out as does the meat of a walnut, merely at 
a tap of the hammer. On the contrary, they are 
solidly inclosed in stone, and it is no small part of the 
geologist’s work to laboriously chip away the mass of 
rock. It reminds one of Hawthorne’s idea of a statue 
being imprisoned within the marble block, and that 





the work of the seulptor is merely to free it. Slowly 
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and carefully the stone must be cut away, always ten- stances, heads the list. If, for example, a red stone, 


derly, for the material of the fossil may be much more 
delicate than the matrix. With the smaller fossils, 
the work demands the greatest skill, and the rotary 
drills of the dentist and his other delicate tools find no 
small portion of their utility to be in the hands of the 
seologist in releasing the remains of organic life of 
long ago. As with the astronomer, the popular opin- 
ion of whom is that he spends his time peeping through 
a telescope, while in truth the telescope is hardly more 
than an incident in his life, so with the geologist, he 
does not spend bis time in roaming the fields in search 
of specimens, but on the contrary, the largest part of 


his work must be in the laboratory, studying with great | 


care, for months and even years, what has been se 
cured for him by a few days’ work of collection in the 
field. — Boston Common wealth. 


PRECIOUS STONES, AND HOW TO 
DISTINGUISH THEM.* 


AMONG the duties which fall to the lot of an official 
in the mineral department of the British Museum, in 
his otherwise unromantic and sternly studious life, ix 
one which is not altogether devoid of human interest. 
It may happen, for example, that a lady having in- 
herited a priceless heirloom in the shape of a large 
emerald, travels from the Antipodes in order to sell 
it in England for its true value, and desiring to dis- 
play its charms, brings it tothe museum. To inform 
such a person that the stone is but green bottle glass 
cannot be a pleasant task. 

Only within the last few months came an Afghan 
prince who had sold his worldly goods, traveled to the 
coast of India and worked his passage to England 
having secreted about his person a stone which he 
supposed to be of enormous value. His story was 
that, as he slept upon the hillside, Mahomet had ap- 
yeared to him and told him that he would find a rare 
Towel under his hand. The poor man could not be con- 
vinced that a stone with this celestial guarantee could 
be anything common ; for, as he said, ** Mahomet can- 
not lie.” Be this as it may, the stone was quartz, and 
its princely owner could only be advised to repair his 
fallen fortunes in some Oriental fashion at Constan- 
tinople—Kensington. 

It is curious that the stones brought by such peo- 
ple are always, in the opinion of their owners, gems of 
the greatest value and rarity. Could they but have 
consulted some competent expert nearer home, they 
would have been saved time and money and bitter 
disappointment. 

But after such interviews, | have always been very 
forcibly impressed by the fact that even the experts 
do not seem in the least aware of the simple and cer- | 
tain methods which have been placed at their disposal 
by recent mineralogical research. There is, perhaps, 
no subject in which experts have been so slow to take 
advantage of practical methods supplied by science as 
in the manipulation and discrimination of precious 
stones. 

The stones brought by these chance visitors have | 
often been bought and sold over and over again under | 
totally false names. There is, | suspect, searcely a 
collection, public or private, in which some of the jew- 
els are not wrongly described. 

Mistakes are constantly made; and these are some- 
times of considerable commercial importance. It may | 
be remembered, for example,that a few years ago much 
excitement was caused by the discovery of rubies in 
the Maedonell Range in Southern Australia. Much | 
time and money was wasted in their extraction before 
it was discovered that, like the so-called Cape rubies, 
they were merely garnets. 

I should be the last person to underrate the great 
value of that knowledge which results from long ex- 
perience, or to deny that in ninety-nine cases out of a | 
hundred an expert may be absolutely right. pod 
one must admire the confidence with which a prac- 
ticed eye can even pick out from several packets of 
diamonds those which came from a certain mine. 

Such a professional expert may in five seconds pro- 
nounce a judgment which it might require half an 
hour to establish by scientific methods and one which 
may be equally correct. 

But there is a vast difference between ‘‘may be” and | 
‘is,” and scientific men are not satisfied with that sort 
of ponomees, but require actual proof. 

One ought to distinguish between two sorts of expert 
knowledge—that which results from long experience | 
and the training of eye and hand and that which re 
sults from familiarity with scientific methods. To have 
confidence in the non-scientific expert, one must place 
reliance upon his personal character and the sound- 
ness of his senses, and be sure that his actual experi- | 
ence has included problems similar to the one submit- | 
ted to him, and even then he may fail in that hun 
dredth case, 

But the scientific tests cannot err; moreover, they 
furnish a proof which carries conviction to all who 
see it. The opinion of the expert need convince none 
but himself. 

An exact parallel is to be found in medical practice. 
It is no doubt often possible for a doctor of experience 
to diagnose diphtheria and phthisis by their symp 
toms, But in recent years new methods have been 
made available by the discoveries relating to bacteria, 
and at the present time no diagnosis of diphtheria or 
of the early stages of consumption would be consider- 
ed complete which did not include the bacteriological 
evidence; that is to say, the isolation and microsco- | 
vic examination in each case of the specific bacillus. 

hat is more, such evidence is proof positive of the 
existence of the disease. 

Now the only characters at all generally employed 
by persons connected with the trade in precious stones 
are two—namely, the hardness and the specific grav- 
ity or weightiness, 

If a stone scratches quartz and is seratched by 
topaz, it is said to have a hardness between that of 
quartz and that of topaz; if it seratches topaz but is 
scratched by sapphire, it is said to have a hardness be- 
tween that of topaz and that of sapphire. All minerals, 
including the gem stones, have been tabulated according 
to their hardness with reference to ten standard stones, | 
of which the diamond, the hardest of all known sub- 
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* A lecture delivered at the Imperial Institute, by Mr. H, A. Miers. 
Natare, 





supposed to be a ruby, is found to be only about as 
hard as topaz, it cannot be atrue ruby, but must be 
a spinel ruby, which is quite a different thing; or if it 
is sufficiently soft to be scratched by rock erystal, it is 
probably a red garnet. 

This test is obviously a very rude one in more senses 
than one. Not only does everything depend upon the 
nature of the scratching part, whether it is a sharp 
corner or a curved surface, and upon the direction in 
which the seratch is made; but, to say the least, the 





| surface of a gem is certainly not improved by scratch- 
| ing. 

The second test—that of the weightiness—is a really 
accurate and scientitic one, provided that it be made 
by means of a delicate chemical balance. A stone 
which is, bulk for bulk, three times as heavy as water, 
is said to have a specific gravity of 3; one such as 
topaz, which is three and a balf times as heavy as wa- 
ter, is said to have a specific gravity of 35. The or- 
dinary method is to weigh the stone, suspended by a 
thread, first in air and then immersed in water. he 
difference is exactly the weight of the water displaced 
by the stone, and so the specific gravity is easily 
found. 

The objections to this method are, first, that it is 


when the stone is very small, because it is then impos- 
sible to weigh it with accuracy under water. I should 
not rely upon the specific gravity of a stone under two 
carats in weight as determined by this method. A 
method which I shall presently describe is perfectly 
free from both these objections, 

Incredible as it may seem, the estimation of hardness 
and the specific gravity are the only attempts at any- 
thing like scientific measurement ever made in the or- 
dinary course of business applied to stones; and even 
then the weightiness is usually estimated merely by 
poising the stone in the hand. For the rest they are 
identified by their color, their fire or sparkle, their lus- 
ter and their general appearance. 

In a lecture delivered to the Society of Arts in 1881, 
Prof. Church drew attention to the necessity of scien- 
tific methods for this purpose, and has more than once, 
on subsequent occasions, reiterated his plea. I pro- 
pose to dwell more particularly on improvements 
which have been introduced since the date of his lee- 
ture, and to indicate how one may, by simple practical 
tests, which require little special knowledge, distin- 
guish with certainty all gem stones without in any way 
injuring them. 

Chemical analysis is, by the very nature of the 





|stantly apply and find most useful for unmounted cut 
| stones, i 
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| spherical glass lens viewed by an eyepiece containing 
ja graduated scale ; it need only be pressed against the 


problem, out of the question, for in order to make an 
analysis or to apply the simplest chemical test, it is 
necessary to destroy a part of the material; and this 
cannot be done, at any rate, in the case of a cut stone, 
We can begin by dismissing the hardness as a char- 


jacter which it is really unnecessary to determine, ex- 


cept to identify diamond or to distinguish a real stone 
from paste ; here, I know, | shall earn a rebuke from 
the orthodox mineralogist, who, in order to pursue the 


| study of what should be a peaceful science, arms him- 


too laborious ; and secondly, that it is not applicable | 


Se 
paratus lent by Prof. Ayrton; sapphire, toma 
and emerald were shown to give cotored circular pj 
intersected by a black cross; sphene and cjiryg, 
colored oval rings intersected by a hyper)ola: 1, 


quartz, colored circular rings with a black ess ane 
a tinted center.) Cross Having 
This beautiful method is not employe: nearly go 


largely as it deserves, because most people tind it dit. 
cult. In order to see the figure it is necessary to look 
through any given crystal in one certaiy Jireetion, 
(The stones used for projection were plates ap 
ately cut forthe purpose.) Now it may happen t 
a faceted stone is so cut that to look aloiu+ the Te. 
quired direction would be to look through an angular 
corner; and every one knows that it is not possible to 
look through a pointed corner, owing to the refraction 
of the light. For this reason, when an unmounted 
cut jewel is held under the polarizing microscope and 
yields no interference figure when turned about into 
various positions, it is usually given up as hopeless, 
But obviously we have only to immerse the stone jg 
some liquid having nearly the same refractive power 
as itself, in order to eliminate the difficulty due to re. 
fraction. I find that if the stone be placed in a sinall 
tube filled with oil or glycerine and held in various 
»ositions, the interference figure can always be seen, 

ittle more than a year ago, a small faceted stone of 
| peculiar appearance was sent to me, which had de 
ceived the experts to whom it had been shown, aj- 
though agreeing in some respects with quartz, and was 
supposed to be a new stone. But by immersing it jp 
vil in a hollow glass sphere, I was able to see the char- 
beth interference figure of quartz. When a stone 
|has the refraction, the double refraction, the specific 
gravity and the characteristic interference figure of 
quartz—it is quartz and nothing else. 

Other optical characters of great value are those 
resulting from the absorption of the light in its pas- 
|sage through a erystal; some of the colors contained 

in ordinary daylight are more absorbed than others, 
|and the light emerges more or less colored ; in conse- 
|quence of diflerences of absorption, some gem stones 
appear differently colored, according to the direction 
|in which one looks through them. I need not dwell 
|}upon this curious property, because the instrument 

used to observe it is the one piece of scientitie appa- 
|ratus sometimes, but by no means generally, used by 
|gem experts—I mean the instrument known as the 
dichrosecope. (A diagram, kindly lent by Prof. Judd, 
| illustrated the appearance seen with this instrument.) 
| Far less familiar is the method of studying the ab- 
|sorption by means of the spectroscope, although the 
| value of this ate simple method was pointed 
out many years ago by Prof. Church. Every one 
knows the colors of the spectrum seen by daylight 
| through a glass prism, and it is also well known that 
| if light transmitted through various vapors be appro- 
| priately observed through such a prism by means of 
|the spectroscope, certain black lines are seen in the 
spectrum, indicating that the vapor has absorbed 
| light of a certain color; in this way astronomers are 
able, by merely looking at the sun and stars, to aseer- 





self with a knife and proceeds to scratch everything | tain many of the elements which they contain. 


which he comes across. 


| But it is not commonly known that a preciselysimé 


The weapons which I would recommend are of a| lar effect is produced by many transparent minerals 


milder nature : 
goniometer and the dichroseope. 


the microscope, the spectroscope, the | It is only necessary to look through a pocket spectro 


| scope in a bright light at any transparent mineral con- 


Among the available characters of gems, first and | taining the rare element didymium, and certain black 
foremost, are the optical properties ; that is to say, the | bands characteristic of that element are at once seen 
appearances seen when we look at them or through | in the spectrum. 


them in various ways. 


The extent to which a ray of light is refracted on | light emitted by ruby when made to g 


(A diagram of the spectrum of the phoebe 
ow in the elee 


entering and leaving a transparent stone is a charac- | tric discharge in a vacuum tube, lent by Prof. Crookes, 


teristic property most useful for determination. 


As | though not a picture exactly of what is here described, 
|every one Knows, a stick half immersed in water ap-| served to illustrate the appearance of the black bands 


pears bent, owing to the refraction of light on passing | in the spectrum of a red mineral.) 


out of the water; if it is immersed in a more highly 
refractive liquid, it appears more bent. 

To ascertain the refractive power of any transparent 
substance like glass, a prism-shaped piece is cut from 
it, and the extent to which a ray of light is refracted 
on passing through the prism is measured by the goni- 
ometer, an instrument found in every physical labo- 
ratory. 

I have not seen this recommended as a method to 
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Now, there are two gem stones, which give very 
characteristic black bands when looked at througha 
spectroscope, namely, the jargoon or jacynth, and the 
variety of garnet known as almandine, commonly called 
carbuncle. When a stone, say one set in a ring, 8 
looked at in this way, and gives the characteristic 
spectrum of zircon, it is at once Known to be a jargoon 
without further trouble. 

When one remembers how many pocket spectro 


be practically used, because it is commonly supposed | scopes are bought by people who wish to see the rain- 
that a special prism must be cut from the stone for| band and predict the weather, it is surprising that it 


the purpose. 
goniometer, I may say that it is a method which I con- 


t is always possible to find two of the facets 
which form a convenient angle, and, after inking over 
the remainder of the stone to trace the ray passing 
through these two facets, and so to measure with ab- 
solute accuracy not only the refraction, but the double 
refraction of the stone; moreover, this method is ap- 
plicable to any stone, however great its refractive 
power. 

Another simple plan which can be used by any one, 
but unfortunately only for stones of comparatively 
low refractive power, has been invented during the 
last few years. This delightfully simple little instru- 
ment, known as the reflectometer, consists of a hemi- 


plane surface of a cut stone previously touched with 
a drop of liquid of higher refractive power than the 
stone itself. On looking into the eyepiece a shade is 
seen over half the field of view, and its edge crosses the 
scale at a point which gives the exact refractive index 
of the stone. The best available liquid is monobromo 
naphthalene, which has a refractive power higher 
than that of topaz, and enables one at a glance to dis- 
tinguish a cut topaz or any less brilliant gem stone. 

Most useful, again, are the so-called interference fig- 
ures—the appearances seen on looking through a trans- 
parent stone by means of a polarizing microscope, such 
as is used by every geologist. There is, of course, 
nothing new in these figures; they are now employed 
by geologists in the study of rocks, and even some- 
times by those whose business it is to distinguish pre- 
cious stones, 

Without endeavoring to explain the nature of these 
figures, except to say that they are due to the double 
refraction of the crystal, it is easy to show that by 
looking at a stone through a microscope, one may see 
something very characteristic. 

(The interference figures of several minerals were 





thrown upon the screen by means of a projection ap- 


‘or the benefit of those who possess a | has not also come into use for the examination of gews 


To pass from optical to other characters, there is & 
very remarkable property possessed pre-eminently by 
one mineral whled has not, so far as 1 know, been pre 
viously recommended as a practical test. 

A crystal of tourmaline while being warmed or cooled 
becomes electrified ; one end becomes charged with 
yositive, the other end with negative electricity. The 
act has long been known. But a few years ago an eX 
tremely pretty and ingenious way of showing the elee- 
trificeation was devised by Prof. Kundt. If a mir 
ture of powdered red lead and sulphur be shaken oF 
blown through a sieve, the particles become electri 
by mutual friction, and if it then be dusted upon 
crystal of tourmaline which is being warmed or cooled, 
the positively electrified end of the crystal attracts the 
negatively electrified yellow salphur and the other 
end attracts the positively electrified red lead ; one e 
of the erystal becomes red and the other end yellow; 
and so the difference of electrification is made visible. 
Now every crystal of tourmaline behaves in this Way, 
and I find it perfectly easy to show the property in aa 
ordinary onell jewel, even when mounted in a setting. 
All that is necessary is to warm the stone, and thea, 
while it is cooling, to dust it with the mixture ; at onee 
one part of the stone becomes red and another part 
yellow. 

(A faceted stone treated inthis way was shown apot 
the screen by reflected light.) — 
The last character which I have to mention is t 

one to which I alluded at the beginning, namely, * 
heaviness or specific gravity. The use of the balanee 
is, as I said, too laborious; but within th: inst i 
years an entirely different method has been introdu i: 

Cork and wood float in water because, bulk for bu 


they are lighter; stone and iron sink because, balk 
bulk, they are heavier than water. But tind — it 


stance whose density is exactly that of water, 2) 
will neither rise nor sink, but will remain poised 18 
water like a balloon in mid air. f 
Several liquids have been discovered which are 
than three and a half times as dense as water, 12 © 


more 
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iperefore act st, beryl, and other light stones will 

float. Prof. Church strongly recommended 

au! potassium iodide; but a still more con- 

genient liq id is now available, namely, methylene 

This liquid bas a specific gravity of 3°3, so that 

aline readily floats in it; further, it is not corro- 

greor in wiy way dangerous, which is more than can 

be said for ~-veral of the other liquids which have been 
ended. 

Hoe it is seareely possible to prepare a number of 
liquids, ea!) having the specific gravity of one gem 
sone, in orler to identify each stone, but methylene 
jodide is sily diluted by adding benzine to it; each 

of benvine added makes the liquid less dense, and 
soit may | used to separate tourmaline and all the 
lighter gem stones from each other. Nothing can be 
easier or ere satisfactory than this method ; no mat- 
ter how minute the stone may be, it can be identified 
py its density in a few moments. Suppose it be doubt- 
fal whether a certain gem is aquawarine or ehryso- 
peryl, all that is necessary is to place it ina tabe of 
the liquid, together witb a small fragment of true aqua- 
marine to serve as an index; if it be a chrysoberyl, 
gbich has a specific gravity of 3°6, it will sink like 
jead; if it be an aquamarine. which has a specific 
gravity of 2°7, it will float; and if the liquid be then 


stirred and diluted until the index fragment is exactly | 


vended, the gem also will neither float nor sink, but 
will remain poised beside it. ; 

The delicacy and simplicity of the method is marvel- 
ous; the only reason why it has not been more gene- 
rally adopted is that, unfortunately, the greater num- 
ber of gem stones are heavier than methylene iodide. 
What is the use of employing such liquids when they 
eapnot float jargoon, carbunele, sapphire, ruby, chryso- 
beryl, spinel, topaz, peridote, and diamond, to mention 
only those stones whose names are familiar ? 

But this objection is now entirely removed, thanks 
toa discovery made quite recently by the distinguished 
Dutch mineralogist, Retgers. He has found’a colorless 
solid compound which melts, at a temperature far be- 
low that of boiling water, to a clear liquid five times 
as dense as water; and therefore sufficiently dense to 
float any known precious stone. 

This compound is the double nitrate of silver and 
thallium, and it farther possesses a most remarkable 
property ; it will mixin any desired proportion with 
warm water, sothat by dilution the specific gravity 
may be easily reduced. The fused mass may be re- 
duced in density by adding water drop by drop so as 
to suspend in succession jargoon, carbuncle, sapphire 
and ruby, chrysoberyl, and spinel. 

This wonderfal compound should certainly be em- 
ployed by all who wish to distinguish gems with ease 
and certainty. 

Let me now remind you how one could apply the 
methods which I have been describing to identify 
with absolute certainty some gem stone. Take, for 
example, a cut tourmaline. Dropped into methylene 
iodide it would just float, and, when the liquid is dilu- 
ted, it would remain suspended beside an index frag- 
ment of tourmaline, and no other gem stone, 
with the dichroscope it would show two colored images, 


indieating remarkable differences of absorption charac- | 


teristic of tourmaline, and no other wineral; the ab- 
sence of absorption bands, when it is viewed through 
the spectroscope, would show that it is neither garnet 


nor jargoon; in the polarizing microscope it would | 


show the interference figure of tourmaline. 
Even if the stone were mounted iu a setting so that 
these tests could not be applied, it could be examined 


with the reflectometer, the boundary of the shade | 


would cross the scale at a point exactly ae 
tofthe refractive power of tourmaline: and lastly it 
could be warmed and dusted with red lead and sul- 
phar, when the two colored patches would betray the 
electrical properties of tourmaline. 


without infiicting even a scratch upon the stone. 


Another wineral character of great value in distin- | 


guishing gem stones in the rough I have not alluded 


to, because it can only be made use of when they are | 
more or less well crystallized ; 1 mean the shape of the | 


crystals. (This feature was illustrated by some very 
beautiful photographs of gem stones and other miner- 
als in their natural state,which were taken from speci- 
mens in the British Museum by the distinguished pho- 
tographic expert, Mr. Hepworth.) 

It might be asked with some show of reason, why 
should we require all these scientific tests which I have 
deseribed, when the varieties of precious stones are so 
few in number? In reality, however, gem stones are 
far more numerous than is commonly supposed, al- 
though they often pass muster under erroneous names. 
Tourmaline is sold as ruby, cinnamon stone as jacynth, 
white jargoon and phenacite as diamond, while green 
garnets are universally known in the trade as olivine 
or peridote. 

That the varieties of available gem stones are not 
far more numerous, is due mainly to the prejudice of 
purchasers, who ring the changes on diamonds, rubies, 
sapphires, and emeralds, and have heard of nothing 

; estimating the stones, as the public estimates 

»pular actors or authors, not by their real excellence, 

t by their names. 

In the mineral gallery of the British Museum are 
many examples of cut stones which have rarely or 
never been employed in jewelry, but should certainly 
Win favor on their own merits. 

@ very curious example is a little gem cut from a 
etystal of the ordinary tin stone, the same ore which is 
Worked for tin in the Cornish mines. This is a stone 
Which, when cut froma sufficiently transparent crystal, 

sa most beautiful luster and color. 

As another example, I may mention a stone which, I 
uspect from its appearance, would make a very beau- 
tiful gem. It was sent with some other fragments 

the ruby mines of Burma; it is only a single 
rough fragment, and has completely puzzled every one 
to whom I have shown it. By means of the very tests 

Which I have been describing, and without [sacrificing 
more than a pin’s point of the stone, 1 have been able 
Denntify it as the boro-silicate of lime known as 
Yanburite. This mineral, if it has ever been used in 

ty, which is most unlikely, has certainly never 

rightly named. 

(A bumber of faceted stones lent by Mr. Gregory, 


Who has made many interesting experiments in this|lightful garden of these Ivies alone on walls, rocks, or 


Examined | 


. There is enough | 
evidence here to satisfy any one but an English jury | 
hearing expert witnesses, and everything can be done | 


direction, were thrown upon the screen by reflected 
light; among these were several of the less familiar 
gems, such as tourmaline, chrysoberyl, phenacite, feld- 
spar, andalusite, axinite, spodumene, sphene, and 
idocrase. ) A 

I do not know whether the final impression produced 
by what I have said is that the determination of stones 
is an easy or a‘difficult thing The impression which I 
wished to convey is that where these scientific tests can 
be applied, it is an absolutely certain thing, and where 
they cannot be applied, there is no such certainty. 

The crystals from which these gems are cat are 
ehangeless and imperishable, their beauty has been 
enhanced by the art of man, but they have lost none 
of their wouderful properties in the process ; in fact, it 
is only by utilizing these very properties that the lapi- 
dary converts them from dull stones to flashing jewels, 
and it is by these properties that we have to recognize 
them. 

The ruby formed countless ages ago in the heart of 
Burma is the same thing in all essentials as the ruby 
formed to-day in a Paris laboratory. 

It is curious to reflect that the diamond which to- 
day glitters in a London ball room may have adorned 
the crown of some Oriental monarch centuries ago— 
may have been picked from the shores of an Indian 
stream in the dawn of civilization—may have been the 
silent witness of the growth and decay of empires—but 
by its own unchanging existence has always borne 
steadfast evidence to the everlasting laws of nature. 

H. A. MIERs. 


THE NOBLEST OF EVERGREEN CLIMBERS. 
Mr. BURBIDGE wrote to us during the frost from 
the Botanic Gardens, Trinity College, Dublin, that he 
had just gathered over sixty varieties of the Ivy. This 
| is a very instructive fact for all who care for beautiful 
hardy plants. © Surely nothing that comes from the 
tropics or any other country can be more delightful 
| than these [vies may be made by those who grow and 
| place them well. They are so simply grown that few 
people ever think of the best ways of placing them so 
; as to get a fair idea of their great beauty. 
In many parts of North America and Northern and 
| Central Europe the Ivy is not hardy, and people 
would give much for the privilege, which we may en- 
joy, of making really artistie things of these beautiful 
| hardy northern climbers. We know that Ivy gener- 
ally grows on a wall, and perhaps it cannot grow on 
}anything better; but it is by no means the only use 
forit. Many people fear Ivy ontrees. We should 
not hesitate to allow Ivy to grow on trees of secondary 
value, and, if not allowed to overrun the tree entirely, 
it will not do it much harm. 
Sunk fences, banks, walls, are all places in which we 





may plant our Ivies; and another pretty, though very | 


much neglected, way is that of making screens of Ivy 
instead of the wretched hedges of Privet we often see 
cutting up gardens. Where a screen is needed, nothing 
{is more beautiful for it than almost any kind of Ivy. 
The one most commonly used in that way, and by 
| no means the best, is the Irish Ivy, which is so popu- 
lar in Continental gardens; but it is better to make a 
|ehange and use other kinds for this purpose. The 
screens we speak of are easily formed with trellis work 
of any kind—iron, stout wire, Oak slabs, or any like 
material that may be bandiest. Planted in fairly rich 
| ground, the Ivies in a few years will cover the screen. 
Another plan we like very much is that of growing 
the choicer kinds of Ivy as pyramids, each on a stout 
prop, the shoots falling down gracefully. Ivy is very 
charming in all ways. Where there is a large area of 
dead walls it is a very wise thing to use so valuable a 
plant for covering them. Why, instead of the thatch 
and the rotten things we use for bowers and the like, 
should we not form wigwams and bowers of this de- 
lightful evergreen ? Construct a stout and simple 
framework of the desired shape, and in a belt of good 
| soil round the base plant one or more good forms of 
Ivy, and leave the rest to time. 

A roof of Ivy would be very much pleasanter than 

many things that are used for this purpose, and would 
| not deeay in the offensive way common to such thateh- 
|ing material as Heath, straw and Reed. The roof 
|should be well tied together, and an occasional clip- 
ping of the ivy will suffice to keep it out of the power 
of the wind. We are not sure that. with a little 
patience and care, it could not be made to do for shel- 
| tered sheds in pastures, instead of faggots and other 
lrough material commonly used; and where a shel- 
tered shed is placed near a wood, as is very often the 
case, the body of the shed might be built back into 
the wood, so as to leave only the front exposed to the 
field, and in that way we should protect our Ivy from 
browsing animals. 

Another interesting phase of the question is the tree 
| forms of the Ivy, which must not be supposed to be 
| distinct kinds, as the Ivy itself when fully grown and 

exposed is very apt to take this form. he form we 
generally see is the Ivy in its creeping state, but when 
| it gets fully developed it breaks out into what we call 
| the tree form, which gives another opportunity to en- 
| joy the variety of aspects of this plant. 

All Ivies are good until we come to the wretched 
variegated kinds, which are not worth growing; col- 
lections of these are sure to disappoint; the so-called 
variegation is only disease, and it is almost as well 
that it is so, beeause.if such things grew freely, the 
effect would be far from beautiful—hard, spotty and 
unnatural. 

Among the more beautiful forms cut on the occa- 
sion referred to, without noticing the curious splashed 
kinds, there are the himalaica or Northern Indian Ivy, 
a very pretty form; atro purpurea, a leathery looking 
leaf, and very dark; azorica, a very leathery, vine- 
like leaf; triloba or tridentata, a handsome arrow 
shaped leaf ; obovata, a very pretty slightly bronzed 
| leaf; palmata, a most graceful Ivy fora tree or wall; 
H. amurensis, a tall. very vigorous kind; scutata or 
Shield Ivy; H. Regneriana, what they call the old 
Irish Abbey Ivy, an immense Aralia-like leaf, much 
larger than what is called the Irish Ivy; dentata, a 
very graceful leaf, massive and leathery too; alger- 
iensis rhomboide, a spoon shaped and very distinct 
leaf, and so on through a long list, searcely one of 
which is not a distinct and valuable climbing shrub. 

It would, of course, be possible to make a very de- 





That is only one way. | 








even the ordinary surface of the ground, with —- 

of Forsythias or Japan Pear, or any other hardy 

usa shrubs one might care for among them.— 
eld. 


THE POPLARS. 

THE following species and varieties of poplars are 
now in cultivation : 

Populus Canadensis or Monolifera (the Canadian or 
Swiss Poplar).—A well known and easily distinguished 
species. 

P. C. Var. Regenere (or Peuplier Regenere).—This 
is of a much more branching habit than the type, and 
grows straighter and more vigorously, attaining in 
fifteen years as large a size as the type does in twent 
years. As a timber tree it is very highly thought of. 
Being very much in request, some growers have at- 
tempted to sell it under various new names, among 
which we may wention Peuplier Eucalyptus, under 
which title we bave seen it shown at a great exhibi- 
tion. It is one of the most valuable varieties of pop- 
lar. 

P. C. Aurea Van Geerti.—A variety with golden 
cotored foliage. 

P. Hybrida Berolinensis (the Berlin Poplar).—A hy- 
brid between Populus laurifolia and P. Canadensis, 
distinguished from the last named species by its more 
pyramidal habit of growth and its longer and slen- 
derer branches. The leaves also are broader and the 
roots do not spread so much. 

Laurifolia Viminalis.—This is not a vigorous 
growing species, and is not cultivated to any great ex- 
tent. It is of slow growth, with a low tufted habit 
and peculiar looking leaves. 

P. Certinensis.—An Asiatic species, as yet rare in 
cultivation. Leaves elongated and glistening, a 
novel feature in the genus Populus. 

P. Fremonti.—A species with elongated leaves, re- 
ceived quite recently from Colorado, 

P. Grandidentata.—A North American species with 
broad, dentate leaves. 

P. C. Pendula.—A variety, of the preceding with 
weeping branches. 

P. Heterophylla.—Leaves heart shaped. Introduced 
from N. America, and as yet not generally known by 
the trade. 

P. Simoni.—Foliage very distinct. 
China. 

P. Angustifolia.—A small sized tree, with shoots of 
a light yellowish gray color and lanceolate leaves. in- 
troduced very recently from Colorado. 

P. Meduse.—Introduced from N. America. 

P. Eugenii.—A peculiar looking tree, of very rapid 
growth and pyramidal habit. 

P. Tremula (the Aspen or Athenian Poplar).—An in- 
digenous species, growing to a very large size, and 
owing its specific name to the tremulous motion of its 
leaves when stirred by the gentlest wind. It grows 
well in all kinds of soil, and especially so in soils of a 
light character, sending out its roots to great distances 
and producing numerous suckers. 

P. Tremula Pendula.—A variety of the preceding 
species, with weeping branches. 

P. Alba (the Abele or White Poplar).—A well known 
indigenous species. 

P. Alba Nivea (the White Dutch Poplar).—An im- 
_— variety of the preceding species, remarkable 
‘or the snow white color of its leaves and bark. 

P. Alba Macrophylla.—The leaves of this are broader 
than those of the preceding variety. 

P. Alba Pendula.—A variety of P. alba with weep- 
ing branches. 

P. Bolleana Pyramidalis.—A remarkable and valua- 
ble variety, not much knuwn as yet. A nurseryman 
of Calvados states that he was the first to receive this 
from a Russian botanist who was collecting in the 
Caucasus. Stolen from this nurseryman by one of his 
employes and sold to a firm at Orleans, it was first sent 
out by this firm. 

P. Caninensis or Canescens.—A species indigenous 
in Normandy. Leaves like those of P. tremula, but 
broader, whitish and smooth. Not knowing the sci- 
entific name of this species, I had it identified. 
About ten years ago a small shoot of it chanced to 
spring up in the heath soil of a plantation of rhodo- 
dendrons, where I allowed it to remain, and the tree 
now weasures about 14 inches in girth and is a splen- 
did specimen. 

P. Nivea Aureo-Intertexta.—A variety the leaves of 
which are variegated with golden colored interlac- 
i 





Introduced from 


1Z8. 

P. Candicans or Balsamifera (Ontario Poplar).—A 
handsome, erect growing species with large leaves, the 
glutinous buds of which give out a strong balsamic 
odor in spring. 

P. Candicans Elongata.—An interesting variety of 
the preceding species, or, according to Professor Dip- 
pel, the offspring of a cross with P. laurifolia. 

P. Trichocarpa.—A new kind from N. America, with 
still broader leaves than those of P. candicans. 

Tristis.—Another variety of P. candicans with 
small leaves, dwarf habit of growth, rugose bark, and 
foliage of a very dark tint from its first appearance. 

P. Angulata or Marcrophylla.—Bark thick and an- 
gularly ridged. The leaves of this species are larger 
than those of any other known Poplar. 

P. Suaveolens.—A sub-variety of P. candicans with 
shorter branches aud stouter buds, giving out a still 
more powerful odor than its parent does. 

P. Nigra Betulefolia.—Resewbles the Italian Pop- 
lar. but has smaller leaves like those of the birch tree. 

P. Fastigiata (the Lombardy Poplar).—Well known 
as the most pyramidal in growth of all the Poplars. 

P. Fastigiata Robusta.—A new and improved vari- 
ety of the preceding species, which it excels in vigor of 
growth. It is anticipated that it has before it a fu- 
ture of note. 

P. Plantieriensis Mascula and P. P. Famina.— Forms 
of the Lombardy Poplar, of which the sex has been 
fixed by arboriculéarists. 

In addition to the foregoing we may mention P. 
Cordata and P. Rotundifolia. varieties whose specific 
names sufficiently indicate the peculiarities of their 
foliage, and concluding with the famous P. Ouphra- 
tica, we think we shall have enumerated all the kinds 
of Poplars which are now known. This last named 
species was sent to us from the country of Salix Baby- 
lonica a few years age, and is as yet hardly known to 
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European planters. It appears to be an exceedingly 
singular kind of tree, as when it is fully grown its foli- 
age undergoes an extraordinary transformation, and 
travelers inform us that the same tree will exhibit on 
its lower branches leaves as round as those of the 
Judas tree (Cercis Siliquastrum), while the leaves on 
the upper branches have all the appearance of willow 
leaves.—Letellier et Fils, Caen (Calvados), France; 
The Garden. 


THE EIGHTIETH BIRTHDAY OF PRINCE 
BISMARCK. 


Own April 1 Prince Bismarck completed the eightieth 
year of his eventful life. The world joins with the 
German empire in congratulating her “Grand Old 
Man.” The emperor began to commemorate the an- 
niversary by honoring the veteran statesman with a 
personal visit. Four hundred members of the upper 
and lower houses of the Prussian Diet and of the 
Reichstag went to Friedrichsruh on March 25 to pay 
their tribute of affection and esteem. The prince de- 
livered a brief patriotic speech in reply to their con- 
gratulations. “If Ll were in robust health,” concluded 
Prince Bismarck, *‘ I could say much more to you, but 
I am a feeble old man, I deplore that I am no longer 
able to work with you, but I am not strong enough 
to face the multifarious trials of an existence iu Ber- 
lin. I am old and indolent, and I wish to end my days 
in the house which I now inhabit. But my thoughts 
are with you, perhaps to a greater extent than is fit 
ting for a man of my age. But I cannot suddenly 
abandon my former ideas, because I am old and ill. 





time stigmatized by his master as a dunce, he shortly 
found himself compelled to seek a livelihood in the ser- 
vice of acharcoal burner. However, at length a friendly 
doctor of his native town persuaded the elder Linnzwus 
that his son was endowed with much greater talents 
than he was generally credited with, and as the result 
of this expression of opinion young Linneus again re- 
turned to the college. After afew years had elapsed 
he was sent to the University of Lund, and subse- 
quently to the Swedish students’ goal, Upsala. At 
this period of his life, to which he often afterward 
looked back with pleasure, he found himself compelled 
to mend his fellow students’ shoes as a means of in- 
creasing his scanty funds of subsistence. This state 
of life, akin to destitution, proved, happily, but of short 
duration, for one Olav Celsius, a man well known for 
his great erudition, formed his acquaintance at this 
time, and very soon associated him with himself in his 
labors. He gave him a lodging, a place at his table, 
and procured him access to a valuable library. The 
Upsala Academy of Science shortly after sent him into 
Lapland at the expense of the state to study the natu- 
ral history of that country. Linnaeus at this time was 
only in his twenty-fifth year, but he gave proofs in this 
expedition of the most wonderful diligence and _ perse- 
verance. In six months’ time he traversed on foot an 
extent covering two hundred and fifty leagues of coun- 
try, not including those deviations from the beaten 
track which must necessarily be made when natural 
history is the object of investigation. The adventur- 
ous traveler suffered many privations in this wild coun- 
try, where he was oppressed by heat during the brief 





summer and benumbed by cold during the long suc- 





PRINCE BISMARCK ON HIS EIGHTIETH BIRTHDAY. 


They never leave me. I cannot give better expres- 
sion to the sentiments which fill my heart than by 
requesting you to cling fast to the imperial idea, even 
in the Prussian Diet, not to forget that you are citi- 
zens of an empire, and to think of him who is your 
king and emperor, and who has duties toward the 
empire and his confederates. 1 beg you not to pursue 
a Brandenburg or a royal Prussian policy, but an im- 
perial German policy.” Prince Bismarck then called 
for cheers for the emperor, which were entbusiasti- 
cally given. A varied programme, sufficient to tax the 
strength of a much younger man, has been arranged 
for the next few days. Prince Bisinarck, as will be 
seen by his latest portrait, has visibly aged.—lLllus- 
trated London News. 
(Tue Ganpenrrs’ Macazine.] 


CHARLES LINN ZUS. 


CHARLES LINN2US, the eminent botanist, who has 
been most justly designated the Prince of Naturalists, 
was born on May 24, 1707, at Rashult, in Sweden. He 
was the child of poor but respectable parents, who 
professed the Protestant religion. His early youth, 
like that of so many who have subsequently achieved 
fame and renown, was passed in a constant struggle 
with poverty aud misery, those frequent attendants at 
the cradle of genius. Destined by his parents for an 
ecclesiastical life, Linneus early left home to enter col- 
lege, which, in the land of his birth, is alike open to 
the poor and the rich. Here, however, he evinced but 
little inclination for *hose studies necessary to be pur- 
sued by one destined for the church, his love for botany 
having at that early period of his life already become 





the all-absorbing passion of his mind. Being after a 


else than seven hares’ heads skillfully put 

covered with the skin of a serpent. 7 mone eae 
gardens of that period the one richest in exotie 
situated at Harlecamp, belonging to a reno Was 
amateur cultivator of the name of Clifford, Lin 
who notwithstanding his growing celebrity stiy 
himself in a precarious state as regarded his felt 
stances, offered his services to the gentleman in the 
capacity of gardener, in order to provide for his 
pressing necessities. His offer was accepied pede 
worked there for a time without his identity bein he 
covered. One day, however, he was recognized & dis. 

ntleman who had seen him at Upsala, ; nd thag b 
incognito was speedily put an end to, anu he w is 
most probably have forthwith quitted the place had 
Mr. Clifford anxiously sought to retain him by the 
offer of a situation of director of his magnificent 
dens. He gladly took the place, and it was here that 
at his employer's expense, he published the well-know 
work in which he gave to the world the new system of 
classifying plants to which his name has been giye 
This generous patron insisted on Linnzus keeping the 
proceeds of the sale of his work, and, moreover fur 
nished him with the means to travel in England,’ 

Linnewus made numerous disciples in this coun- 
try, and such was the enthusiasm with which his dis. 
coveries were received, that he was for some time 
doubtful whether he should make this country his 
home. But he finally determined to return to Sweden, 
visiting France on his way, and at length landed onee 
more on the shores of his native country, whither he 
may be said to have been called by the unaninons 
voice of his countrymen. This wasin the year 1738, 
and from that time forward he enjoyed a life of unin. 
terrupted oatward happiness, and of brilliant success, 
United to the daughter of Dr. More, to whom as be. 
fore stated he had long been betrothed, he was soop 
chosen as botanist to the king, priest of the 
Academy of Stockholm, professor of anatomy in the 
University of Upsala, and, moreover, professor of 
botany and director of the botanical gardens, In fact 
he attained the highest position to which a man of 
science could attain in Sweden, inasmuch as the gov- 
ernment of that country interdicted to scientific mep 
all situations which couldin any way turn them from 
their pursuits. Satisfied with this private life at home, 
Linneus declined several lucrative appointments that 
were offered to him by foreign sovereigns. Here he 
passed the latter half of his life, until at length, toward 
the close of 1775, he was, on the occasion of his deliver. 
ing a lecture on the different botanical systems, seized 
with an apopletic fit. This attack was followed two 
years later by another, which deprived him of the pro- 
per use of his faculties, and soon afterward brought him 
to the grave, on January 10, 1778, in the seventy-first 
year of his age. 

All the inhabitants of Upsala displayed mourning on 
the day of the obsequies of this great botanist, whose 
biography has been here briefly narrated. The king 
of Sweden caused a medal to be struck in his honor, 
raised a monument to his memory in the Cathedral of 
Upsala, and delivered a discourse in eulogy of him be- 
fore the States of Sweden. 

In stature Linneus was above the middle height, 
slight, but well made; his head large, his countenance 
frank and open, and his quick, clear eye betokened an 
intellect of uncommon acuteness. His constitution 
was robust, and he withdrew from his occupations only 
when he felt his mind no longer capable of pursuing a 
continuous train of thought. Possessing a spirit of no 
ordinary depth and superiority, Linnzus ever united 
the profoundest study of nature with the proper re- 
spect due to religion. Over the door of his study was 
inscribed these words, ‘* Live innocently ; God is pre- 
sent.” The first lines dictated by this great man for 
the opening of his work, entitled ‘*‘Systema Nature,” 
contain an admirable profession of faith. The influ- 
ence he exercised over the age in which he lived was 
prodigious. He not only submitted to certain rules 
the study of the natural sciences, but also impressed a 
new character on the physical sciences in general, and 
gave the public mind an impulse toward order and 
method. tt may be added that through his lucid sys- 
tem of classification he greatly abridged the labors of 
his successors, and thus conduced materially to the ad- 
vancement of science, as well as to the progress of the 
human mind. W. NorMAn Browy. 
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DOES A NUCLEUS EXIST IN THE RED 
CORPUSCLES OF MAMMALIAN BLOOD? 


By Professor JoHN MICHELS, late Chief Microscopist, 
Bureau of Anithal Industry, U. 8. Department of 





ceeding winter. The young naturalist climbed moun- 
tains, crossed streams and rivers and penetrated the 
darkest caverns, encountering great difficulties on his 
way. The fruits of this journey were a splendid col- 
lection of plants, insects and minerals, which became | 
the property of the University of Upsala, where it still 
remains and is much prized. He also wrote a valuable 
work on the natural riches of Lapland. After a short 
interval of rest, Linnewus went to visit the Swedish 
mines, and applied himself with so much ardor to the 
study of mineralogy that on his return to Upsala he 
was fully qualified to lecture on the subject. He made 
such snail progress that he excited the jealousy of 
Prof. Rosen, a well known savant of the day, and the 
result was that his course of lectures was suspended by 
order of the authorities. Justly irritated by this pro- 
ceeding, Linnzwus went himself to Rosen and provoked 
an altercation, but, happily, his good friend Celsius in- | 
terposed his mediation, with the result that a recon- | 
cilation was effected between Linnzus and the pro-| 
fessor. 

However, shortly after this event he came to the 
conclusion that it would be best for him to quit Upsala, 
and accordingly he departed to practice medicine in | 
other Swedish towns, among others Telgum, where | 
he fell in love with a young lady, the daughter of a 
Dr. More, to whom he was soon betrothed. He then! 
went to Denmark, traveled over rt of Germany, 
and finally passed! over into Holland, at that time| 
famed for its vegetable products, with the intention of | 
taking up his residence in that country foratime. It! 
was during his visit to Hamburg that he exposed an 
imposture that had caused a great sensation in that — 
This was the seven-headed hydra. Linnezus attentively 
examining the monster discovered that it was nothing 


Agriculture. 


THE importance of the blood as the vital principle 
of the human body is, of course, a recognized fact, 
known to everybody, and the recent discovery of the 
use of antitoxine has made it evident that the con- 
dition of the blood can protect us from the most deadly 


| diseases and, on the other hand, blood containing 
| poisonous elements will cause in some cases almost 10- 


stant death, or after a short interval, according to the 
nature of the poison. 

It is a'remarkable fact that although a knowledge of 
blood is of such importance, and probably the key to 


| a perfect knowledge of the treatment of disease, litte 


or next to nothing is known relating to its physic 

properties, its constituents, or its effects on the human 
economy, in health or disease. No aE ever 
makes a microscopical examination of blood in mak- 
ing his diagnosis, and if he did, he would be unable 
to interpret the appearances he would notice, for 
there is no guide to the subject, the medical profession 
remaining under a cloud of ignorance in regard totes 
matter, and they appear to be content to wait an 

have this knowledge forced upon them by chemists 
and biologists rather than make any effort on their 
own part to relieve their condition of disgraceful ig- 
norance. , 

In man blood consists of a ¢lear fluid, the liquor 
sanguinis or plasin, in which a large number of -< 
puscles are distributed. Of these there are two prow 
nent varieties, differing much in character, the re 
and the colorless or white. The former are greatly 12 
excess, and give to the fluid its characteristic red ap 
pearance. In one hundred volumes of blood there are 
said to be thirty-six volumes of corpuscles and sixty- 
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og plasina. This ratio is, however, subject to fre- mammalian red blood corpuscles has been opposed by puscle, the only one present. Fig. 2 shows what the 
quent cbanses. several biologists, a member of the Johns Hopkins Germans call a homogeneous corpuscle. Fig. 8 a red 
The red © rpuscles in wan and most mammals are University faculty stating that there was no resisting corpuscle showing nucleus and nucleolus. ig. 4, red 
peave Vodies, circular in outline, but in birds, | the fact that I have seen and photographed something corpusele well in focus showing nucleus. Fig. 5, 

jbia and most fishes, they are also bi-concave, OF that has the optical appearance of & nucleus, still as granular red corpuscle. f 
pol wed out 0 the center, but have an elliptical con- they could not show it themselves by their methods,| The specimen of blood not having been pressed 
There is @ remarkable exception in the contour | it could not be a nucleus, but something else, what under glass cover, the corpuscles are not on one plane. 
of the red corpuscles of the cawel and animals of the | else they could not say. 1 have, however, submitted | This accounts for many being out of focus. The pho- 
as they bave them elliptical, like the | my work to every possible test, ‘and while perfectly tograph was taken with a dry one-eighth by Powell & 

ation which are Lealand. 





tribe, 
came! of fish, birds and reptiles, which is an_ extraor- aware of all the errors of misinterpret 
ginary fact. which seience has not been able to ex- mer (see my own article in the Popular Science a 
in, 1 bave myself examined camel’s blood and | Monthly, on the misinterpretations of the microscope), Continued from SUPPLE No. 1008, p. 16118 
it as above stated. i it still consider my position to be correct. ; (Costes m SUPPLEMENT, No. 1008, P- .) 
Under thie microscope a nucleus 1s always found in I will now explain my methods to enable any micro- ON THE NATURE OF MUSCULAR 
sod of birds, fish and reptiles, when the red cor- scopist to test my work for his own satisfaction. CONTRACTION.* 
rom the finger. I find the best method . 


e bic 
» Jes ar’ examined, but all text books claim that Draw blood f 
exists in the red corpuscles of man and | is to cut the skin with a knife on the upper part of the TuE physiologist may deem his purpose attained 


although they are found in the fetal nail, when the blood will flow freely. pricking the finger | when he succeeds in ‘tracing & certain vital phenome- 
being painful. Place a drop of the blood on the or-| non back to processes which may also be observed in 


dinary 3 by 1 glass slide, and taking another slide, lifeless bodies. 
place the end in the blood it rapidly across However, though we should, perhaps, be inclined to 


po pucleu 
the mami ils, 


e. 
oP nowing that the nucleus is 
portant part of all cells, and 


the vital and most im- 
that the nucleus was 





and draw 1 
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PHOTOGRAPHIC APPEARANCE OF BLOOD CORPUSCLES, ENLARGED. | 


Natural size, 3,200 corpuscles to the inch. 








present in the red corpuscles of fishes, birds and rep- the glass, by which means a single layer of corpuscles | infer from the foregoing that we have successfully 
tiles, I have reasoned -by analogy and come to the] will be obtained. Allow this to dry, and then pour acquitted ourselves of this task with regard to mus- 
conclusion that the nucleus must be present in the|on some iodine which has been diluted with water. cular contraction, we will be careful not to overlook 
blood corpuscles of man and all mammals. To prove | Pour off and allow to dry. Examine with a dry 14 or| the numerous important respects in which a mascle as 

i-|+7 bjective. If you have no lens which cannot | a living body, that is one subjected to constant chem- 


this I have for many years carried on a series of mi-| 75 inch o L 0 
be corrected for objects viewed without a cover, ou lieal transformation, differs from our lifeless strings. 


croscopical experiments to demonstrate the fact. 

By adopting new methods in staining and preparing | can place the blood on the under side of the glass| The study of these differences is most instructive, since 

blood, I found that I could show them under suitable | cover, and attach same to glass slide, not using Canada | it throws a new light on a series of processes nearly 
allied to contraction, especially on the phenomena of 


powers in the microscope, both a nucleus and a| balsam or apy other medium. 
t important matter to decide if | rigor mortis and tonus of muscle. 


nucleolus in mammalian red blood corpuscles, and| It is really a mos 

have succeeded in demonstrating the fact by pho-| the nucleus does exist in the red corpuscles of man and| But before enterimg into this we shall first have to 
tography, and believe this is the first time it has been | other mammals, and I will be glad to have my work | meet another important objection to our views. It is 
ee and published. confirmed, or explained, so that the question can be | based upon the absolute amount of muscular force. 
wh ll new discoveries in science meet with opposition settled one way Or the other. This amount may, as you know, be very high. Hu- 
‘ the they are contrary to the recognized dictum of DESCRIPTION OF PHOTOGRAPH. —This photograph man muscles at the strongest tetanic contraction can 
uthorities on the subject, especially when the new represents human blood, the average size of the red shorten with a force of about 10 kilogrammes to 1 sq. 
1 ofanineh. The original photo- - EM 


or path is in opposition to the text books, which are corpuscles being are o 
eld sacred in the eyes of the average academic pro- graph measures 234 by 2 inches, the enlargement here| + The Croonian Lecture tivered by Prof. Th. W. Engelmann, at the 
N 


fessor, Thus my demonstration of a nucleus in the shown is 94¢ by 7%. Fig. 1 represents @ white cor- | Royal Society, on March 14.—Natare. 
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om. transverse section. Now such a foree must, ac- 
cording to our view, be produced by a small part only 
of the transverse section of the muscle. 

With a maximal tetanus, it is true, the temperature 
of the whole muscle does rise 1° C. or more. Hence 
there are, perhaps, 1,000 times more particles chemi- 
cally active than with a moderate simple contraction, 
where the temperature rises 0°001° C. only. Conse- 
quently, daring such a tetanus, a much greater part 
of the muscular substance—perhaps 1,000 times as 
much—-will be heated to such a degree as is required 
for an obvious contraction of the inotagmata. But 
even in this case the greater part of the whole sub- 
stance will be only moved passively. 

Can such very important mechanical powers as we 
are obliged to assumein the inotagmata be evolved 


through the thermical contraction of doubly-refractive | 


bodies ? Do we not, as Fick says, in making such a 
supposition, go too far beyond the bounds of legitimate 
aauleay ? 

Of course nothing but the measurement of the forces 
developed by lifeless doubly-refractive bodies under 
thermal contraction will decide this question. I have 
made many of these measurements ca various objects, 


and I think the results afford us a refutation of the| 


objection. Strings, moist but not yet contracted 
through lying in water, with a diameter of 0°7 mm., 
and loaded with 1 kilogramme, lifted up the weight 
in a perceptible degree when rapidly heated up to 130° 
C. ; that is to say, they exerted a force about twenty 
times at least as great as the maximum force of a 
human muscle of the same thickness, 

Still greater forces may be exerted by strips of 
caoutchoue rendered ina high degree doubly refrac- 
tive by strong extension. Even by merely heating 
from 20° to 40°C. powers could ve produced sixty 
times as great as the maximum afforded by human 
muscles of the same transverse section. 

Hence we may sufficiently account for the greatest 
display of force in the muscle, without having to 
attribute to the inotagmata higher elastic forces than 
we observe in highly extended threads of caoutchoue 
of the same thickness, nay, without even having to 
assume temperatures reaching the degree necessary 
for the coagulation of albumen. 

It isa pity that we are not able to subject the iso- 
lated doubly-refraetive parts of the muscle in an unim- 
paired condition to the influence of heat. Together 
with the elevation of temperature there occur changes 
in the chemical processes, and therewith in the ma- 
terial composition and mechanical properties, of the 
whole muscle substance, which complicate the changes 
dependent only on the heating of the doubly-refractive 
particles, or even prevent our clearly recognizing 
them. 

Tetanus and Rigor by Heat.—Living muscles, when 
being gradually heated, will, as you know, contract 
tetanically so soon as the temperature has attained a 
height which is but little below 50°C. This so-called 


80 z., in the second of about 1i0y. By absorbing a 
0°25 per cent. solution of lactic acid at initial tensions 
of 5, 215 and 425 ¢. there were exerted powers of 115, 
350 and 490g. respectively, i. e., forces very much 
higher than a muscle of the same thickness can pro- 
duce during tetanus. 

Upon neutralization or dilution the old length and 
volume return. The doubly-refractive fibrils, or the 
sareous elements of muscles, contract considerably 
lalso under the same conditions, swelling at the same 
| time; this is the case even with muscles which have 
been killed in alcohol, In such instances I measured 
in the striated fibers of insects shortenings to 50 per 
cent. and more, 

Since, according to many inquirers, lactic acid is 
| formed during the rigor of striated muscles, and, at all 
events, the reaction of the muscular plasma becomes 
| acid, the doubly-refractive elements must necessarily 
swell more and tend to shorten, and this contraction 
will remain until the acid has been neutralized or re- 
moved by diffusion. 

Similar results will follow in other cases of rigor 
| characterized by shortening and by the production of 
}muach acid. Nay, in the bloodless muscle even a physi- 
| ological stimulation, when sufficiently strong and long, 
'mav be expected to produce a lasting shortening, on 
account of the gradual inereasing acidity. Indeed, 
| the well-known incomplete relaxation of such muscles 
jseems to me to be a symptom of this chemical con- 
i traction, as it may be called, in contrast with the 

thermal. 

In a muscle in which the blood stream is maintained 
|this will not so easily take place, not even under a 
strong and prolonged stimulation, because the acid is 
immediately neutralized or removed through diffusion. 
| Even in the isolated, bloodless muscle, the acid, which 
is produced by stimulation, may, in the beginning at 
| least, be rendered harmless through the very large 
} quantity of non-acid fluid absorbed by the muscle. 
| Consequently we must expect in these cases an im- 
|} mediate and complete relaxation after contraction. 
| The faets agree absolutely with these suppositions. 

| Itis, perhaps, not unnecessary to remark that all 
these observations would also hold good if the material 
affecting the turgescence were not lactic acid, but 
another substance arising during the chemical action 
in the muscle, e. g., water. 

The Different Parts Played by “Thermal” and by 
“Chemical” Contraction in the Different Kinds of 
Muscular Contraction.—But now the question may be 
raised, Is not physiological contraction due to turges- 
cence solely ? 

We have all the more reason to put this question, 
| since we can prove that in the physiological contrac- 
|tion of striated muscle fibers the doubly-refractive 
| lavers swell at the cost of the watery isotropic layers. 
| The microscopical examination of active living mus 
cles and of fixed waves of contraction has proved this 
| faet beyond all question, however much the opinions 
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tetanus of heat passes by prolonged heating into the! of different observers may diverge on other points. | 
lasting contraction of rigor, in this ease combined | The swelling would, moreover, account for the slight | 
with definitive loss of irritability. decrease of muscular volume observed in strong tetanic | 

This contraction through heat agrees at +o many) contraction. For, according to the experiments of | 
points with physiological contraction, especially with Quincke, the absorption of water by organized bodies | 
physiological tetanus, that it was held to be a last! generally leads to a slight condensation.* By this con- 
manifestation of muscular life. Such points of resem-|densation further heat is developed, and ‘this heat | 
blance are, e. g., the amount and the force of shorten- | might, by raising the temperature of the doubly-re- 
ing, which in both cases are at least of the same order, | fractive elements, be partially transformed into me- | 
and the inereased production of heat, carbonic acid} chanical energy, and in this way contribute to the pro- 
and a fixed acid. | duction of muscular force. ‘ | 

No doubt in this case a very important and general; Yet I cannot consider this explanation as sufticient | 
rise of temperature of the contractile particles will] for all the facts. The same argument which in our | 
take place so soon as rigidity begins to announce itself, | eyes seems to dispose of the hypothesis of the identity | 
Consequently, according to our hypothesis, we must! of chemical attraction and muscular force, viz., the | 





—— 
eompletely to its initial state. Of course its eae 
energy has diminished in proportion to the duantitye 
mechanical work and heat which have prociveded f of 
it, but, on account of the relatively infinitesj:)q) qua) 
tity of substance which is thereby consumed, thig > 
turn will “em seerm to be complete even in the 
ease of the isolated muscle. 

When analyzing the phenomena of relax:iion yy, 
exactly, we shall light on several possibilitics, the din 
cussion of which would be very interesting wit} > 
to the theory of musele life. shall restrict myself t 
the phenomena of the relaxation following on thermal 
contraction, 

Here, in the first place, we might conceive that th 
doubly-refractive inotagmata are destroyed jn the 
thermal shortening, so that each of them performs jt 
function once only. The lengthening of the museular 
fibrils would then probably be caused solely by the 
elastic powers of the parts pessively extended or com- 
pressed by the shortening of the inotagmata. Upon a 
fresh stimulation other inotagmata would, in conse. 
quence of the combustion of other thermogenic mole 
cules, be active, perish, ete. Through the activity ot 
the formative watter of the living muscle fiber, the 
place of the lost inotagmata would be continually or 
periodically filled by others, — through the 
same process of organic crystallization by which dur. 
ing ontogenesis the doubly-refracting particles in the 
muscle are produced and disposed. 

Against this hypothesis, however, or at least against 
its general validity, various objections may be put 
forward. I will mention two only of the most import- 
ant of them. 

There seems to be no doubt but that the doubly. 
refractive particles of the muscle consist of an albumi- 
nous substance. and that they together make upa 
sensible part of the whole albumen of the musele 
fibrils. In that case it would be most improbable that 
a great increase of muscular work should not at all, or 
very slightly only, increase the elimination of nitro. 
gen. To account for this, we should have to recur to 
an auxiliary hypothesis, and assume either that the 
nitrogenous remainder of the destroyed inotagmata is 
| retained within the body—perhaps in the muscle—for 
| purposes of anabolism, or, which is most improbable 

indeed, that other organs saved just as much albumen 
as was decomposed above the normal quantity during 
| the contraction of the muscles. 

| A-second objection consists in the fact that after 
heating tetanizing muscles until they are rigid, the 
doubly-refractive power of the sarcous elements will 
be found still very great. 

The other possibility is that the inotagmata may be 
preserved, and consequently on cooling may return to 
their former state, and therefore will do work by 
shortening as often as we choose, In this case musele 
would not only seem to offer, but would offer in fact, 
a most striking resemblance to a thermodynamic ma- 
| chine, the solid particles of the framework of which 
are not destroyed through the chemical process pro- 
ducing the actual energy. No more than such a 
machine would the muscle require a perpetual renewal 
of the framework for the continuation of its activity; 
it would only want a periodic supply of fresh heating 
material. 

This representation, as you see, will sufficiently 
account for the fact, which would otherwise remain 
surprising, that muscular work has such a small influ- 
ence on the elimination of nitrogen. The facts of 
mnieroscopic observation also agree with it. 

But a further discussion of the two possibilities 
would lead us too far. The purpose of this lecture 
was not to record a complete inquiry into all the phe- 
nomena of muscular activity. have wished chiefly 








expect a strong and general contraction of the inotag- 
mata. 

That the force, with which the muscle as a whole 
will shorten, is not quite so great as with physiological 
tetanus, is sufficiently explained by the fact that the 
inotagmata do not contract simultaneously, and by 
the increase of internal resistance which occurs, due to 
coagulation and precipitation in the muscle plasma 
during the development of rigidity by heat. The 
latter circumstance seems to explain, too, why the 
rigid muscle does not perceptibly lengthen, or leugth- 
eps very little, upon cooling. 

Turgeseence by Absorption as a General Cause of 
Contraction of Doubly-refractive Organized Elements. 
—On a closer examination, however, we find that 
matters are still more complicated, and likewise that 
there is still an important circumstance which, besides 
the rise of temperature of inotagmata, may act asa 
cause of contraction, even of permanent contraction. 
This circumstance, the fundamental importance of 
which to museular contraction was disclosed a score of 
years ago by a rigorous microscopical examination of 
the processes taking place in the muscle fibers during 
contraction, is the turgescence of the doubly-refractive 
elements by the absorption of watery liquids. 

All histological elements possessing doubly-refractive 
power tend, even at an ordinary low temperature, to 
shorten in the direction of the optical axis when their 
volume is enlarged by the absorption of a watery fluid, 
and to lengthen when their volume diminishes by loss 
of liquid. The extent, power and rapidity of the 
changes of form depend on the nature and on the di- 
mensions of the turgescent object, and on the nature 
and quantity of the absorbed liquid. 

For the examination of these relations our violin 
strings again vield fit material. A long series of meas- 
urements has now shown that there is a very far- 
reaching resemblance between contraction by turges 
cence and thermal and physiological contraction. I 
may mention the warked extent of the shortening, the 
high value of the force of contraction, its increase with 
the initial tension and its decrease with increasing 
shortening, the increase of extensibility, the decline of 
refractive power and of doubly-refractive property. 
The resemblance 1s by no means exclusively of a quali- 
tative, but also of a quantitative kind. 

A change of form generally takes place when the 
composition of the absorbed liquid changes, and it is 
of great importance to our question that even the 
slightest changes of composition can cause marked 
contractions and great mechanical effects. 

Unloaded E strings, e. g.. contract in pure water to 
nine-tenths, and in water which contains 0°25 per cent, 
only of lactic acid to three-fifths of the initial length. 
At 15° C, they exert, in the first case, forces of about 


infinitesimally small quantity of substance which is| to draw attention to a series of facts which | hold to 
chemically active during a simple contraction, seems | be of great importance for a deeper insight into the 
to me to present a fundamental difficulty here also. It | essence of muscular contractility, in so far as they 
is hard to understand how, through a change in the| prove the existence of certain material dispositions 
material composition, effected at one infinitesimal | and processes (admitting of closer experimental exami 
point within a soft watery substance, the whole mass | Dation), by means of which mechanical work may be 


should shorten and thicken, unless there proceeds 

from the center of chemical activity a considerable 

amount of kinetic energy throughout the substance, 
The microscopic appearances which prove the tur- 


contraction do not exclude a direct thermo-dynamical 
effect. For the almost complete identity in the 
changes of form, and of the optical and mechanical 
properties which the doubly-refractive constituents of 
all histological elements undergo during chemical and 
| thermal contraction, seems to bear out the hypothesis 
| that, in the thermal shortening of doubly-refractive 
|} elements, through the absorption of watery fluid, we 
get a shifting of solid and liquid substances analogous 
| 





to that of turgescence. With most of the microseopi- 


cal appearances, especially the so-called fixed contrac- | 


tion waves, we have, moreover, to do with a high de- 
gree of tetanic contraction, or even with rigor, in 
which, on account of the greatly increased chemical 
action, a chemically-caused turgesecence may have com- 
bined in a considerable degree with the thermal con- 
traction, 

Hence, we may conclude that chemical contraction 
by turgescence of the inotagmata is most likely a con- 
stant concomitant of the thermal contraction of living 
muscle, but that compared with the latter, in a single 
contraction at least of striated fibers, the former is of 
little or no consequence as regards the shortening 
effect. 

Chemiotonus and Thermotonus,—Both processes will 
probably also take part in varying proportion in the 
tonus of muscle, which in some cases will approach 
more to pure chemwiotonus, in others more to pure 
thermotonus, 

Causes of the Relaxation of Muscle—Theoretical 
Cousiderations—Conclusion.—With regard to the re- 
laxation of muscle, according to our theory, this must 
be caused either by cooling or by the withdrawal of 
water from the doubly-refractive particles. Indeed. 
we have found that generally doubly-refractive histo- 
logical elements, even if they be lifeless like our violin 
strings, lengthen again upon cooling after they have 
been contracted by heat, and that they lengthen upon 
neutralization or diffusion, after they have been con- 
tracted by absorption at an ordinary temperature. 

In a normal relaxation the muscle seems to return 





* In the thermal contraction of tendons and strings I have pot yet been 
able to convince myself of a decrease in volume, 





gescence of the doubly-refractive elements during a| 





generated in the muscle by chemical energy. 





TERRESTRIAL HELIUM (?) 


WE referred recently to Prof. Ramsay’s discovery of 
another new gas obtained from cleveite. The follow- 
ing papers, by Prof. Ramsay and Mr. Crookes, on this 
| subject were communicated to the Chemical Society at 
, its anniversary meeting. 
| Prof. Ramsay’s paper was as follows: 
| In seeking a clew to compounds of argon, I was led 

to repeat experiments of Hillebrand on cleveite, which, 
as is known, when boiled with weak sulphuric acid, 
| gives off a gas hitherto supposed to be nitrogen. This 
gas proved to be almost free from nitrogen ; its spec- 
trum in a Pflucker'’s tube showed all the prominent 
argon lines, aud, in addition, a brilliant line close to, 
but not coinciding with, the D lines of sodium, There 
are, moreover, a number of other lines, of which one 
in the green blue is especially prominent. Atmo- 
spheric argon shows, besides, three lines in the violet 
| which are not to be seen, or, if present, are excessively 
feeble, in the spectrum of the gas from cleveite. This 
suggests that atmospheric argon contains, besides 
argon, some other gas which has as yet not been 
| separated, and which may possibly account for the 
anomalous position of argon in its numerical relations 
with other elements. 

Not having a spectroscope with which accurate 
measurements can be made, I sent a tube of the gas 
‘to Mr. Crookes, who has identified the yellow line with 

that of the solar element to which the name “helium 
has been given. He has kindly undertaken to make 
an exbaustive study of its spectrum. _ 
| Ihave obtained a considerable quantity of this mir 
| ture, and hope soon to be able to report concerning its 
| properties. A determination of its density promises to 
| be of great imterest. 

The spectrum of the gas was next discussed by Mr. 
| Crookes, who said : 
| By the kindness of Prof. Ramsay I have been e™ 
abled to examine coger ge two Pflucker tubes 
| filled with some of the gas obtained from the rare 
mineral cleveite.* The nitrogen had been remov 
by “sparking.” On looking at the spectrum, by. = 
the most prominent line was seen to be a brillian 

* Cleveite 1s a variety of uraninite, chiefly a uranate of uranyle, lead, emt 


the rare earths. It contains about 13 peregent. of the rare ear 
2°5 per cent. of a gas said to be nitrogen, 
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yellow, ove apparently occupying the position of the 
sodium lines. Examination with high powers showed, 
however, that the line remained rizorously single 
when the sodium lines would be widely separated. 
On throwins sodium light into the spectroscope sim- 
gitaneous! with that from the new gas, the spectrum 
the latter was seen to consist alinost entirel of a 
pright yellow line, a little to the more refrangible side 
of the sodium lines, and separated from them by a 
a little wider than twice that separating the two | 

jum components from one another. It appeared | 
as bright and as sharp as D, and D. _Care ul miea- | 
surements gave its wave length 587°45; the wave | 


jengths of the sodium lines being D, 589°51 and D, 
598 91. ‘The differences are, therefore : | 
Wave Lengths. Differences. 
 covcencebmeees bev ereaus 589°51 
“a 0°60 
Pe 58891 
‘ 1-46 
New line...... i, ib eeetoe a ... 587°45 


action of those two factors, had a smaller velocity of 
propagation than any other size—greater or less. To 
make these small waves Lord Rayleigh employed two 


, tuning forks of the same pitch, to whose prongs were 


attached corks which dipped in a vessel of water. So 
long as the vibrations of the forks were equal in num- 
ber, the system of waves set up was stationary. When, 
however, one fork was made to vibrate more slowly 
than the other, the waves traveled in the direction of 
the former. Another way, devised by Faraday, of 
obtair'ng these small waves was also shown. The 
lecture. concluded by explaining some methods of ob- 
serving phenomena which were so rapid as to elude 
the eye. The most obvious device was to employ 
instantaneous photography. The magnesium flash- 
light lasted only one-tenth of a second, but was much 
too long for some purposes. But the electric spark 
was a resource that never failed ; it could be made to 
last only a millionth of a second, and that was instanta- 
neous enough for anything that ever happened. To 
illustrate its use some photographs of the bursting of 
a soap film, which took place in 1-200 to 1-300 of a sec- 


The spectrum of the gas is, therefore, that of the | ond, were thrown on the screen. . 
hypothetical element helium, or D,, the wave length! In his third lecture, Lord Rayleigh passed to the 
of which is given by Angstrom as 587°49, and by Cornu discussion of waves which were long in comparison 
as 587°46. | with the depth of water. In that case, he said, there 

Besides the helium line, traces of the more promi-| Was a different state of things, the velocity of propa- 
pent lines of argon were seen. gation being constant and independent of the wave 
Comparing the visible spectrum of the new gas with | lengths. The theory of such waves was_ therefore 
the band and line spectrum of nitrogen, they are analogous to that of sound waves. Scott Russell dis- 
almost identical at the red and blue end, but there is tinguished them into positive and negative, or humps 
a broad space in the green where they differ entirely. and depressions in the general surface. He made 
The helium tube shows lines in the following positions : | Observations on the towing of boats along canals, 
|and noticed that, when a boat was stopped, the wave 
which accompanied it went op and was sometimes 


Wave Length. 


Am r 
(a) D,, yellow... ....587°45 Very strong. Sharp. : - Por eM eck ‘ Beg ae 
(b) Yellowish green.56805 Faint. Sharp. ee ee ——_ he hg = Mya eons, eee 
(c) Yellowish green.56641 Very faint. Sharp. at a constant speed, and a boat going faster than 
(é) Green... 51612 Faint. Sharp. that speed met with less resistance from the water 
(e) Greenish blue...500 81 Faint. Sharp. few oF oe when going ya a. a out- 
ie ND. 655 05 6s . 480°63 Faint. Sharp. stripped the accompanying wave rich caused con- 
On this fact, which became 


siderable waste of power. 
I have taken photographs of the spectrum given by | known by the accident ot the horse attached to a 
the helium tube. At first glance the ultra-violet part | boat on a canal taking fright and running away, 
of the spectrum looks like the band spectrum of nitro- | depended the running of the fly boats formerly em- 
gen, but closer examination shows considerable dif-| ployed on some Scotch canals. The tides were the 
ferences. Some of the lines and bands in the nitrogen , most important long waves of all, and as was well 
spectrum are absent in that from the helium tube, | known, were caused by the attraction of the moon 
while there are many fine lines in the latter which are | and sun. The theory of them was very complicated, 
absent in nitrogen. Aecurate measurements of these | among the difficulties being the varying depths of the 
lines are being taken.— Nature. sea and the irregular configuration of the land. Lord 
_-- o— Rayleigh then proceeded to discuss aerial waves. 

Waves of sound, he said, usually originated in vibrat- 
ing bodies, such as tuning forks. The latter were 
convenient as standards of pitch, and if once adjusted, 
might be treated as such. only slight corrections be- 
ing required for variations in temperature. The 
phenomenon of beats was next explamed. If two 
he proposed that day to deal more especially with forks were vibrating, at a certain moment their effects 
waves of water. In such waves the velocity was not co-operated in the ear. If they were of the same pitch, 
independent of the wave length (or distance between the co-operation continued ; if not, it could not last, 
erest and crest), as it was in the case of sound waves, | no sound being heard by the ear when the condensa- 
which in air moved with the same speed whether they | tion and rarefaction produced by the forks in the air 
were long or short. With waves of water the long were equal. The beats were the alternations of co- 
ones traveled more quickly than the short. Waves at | operation and antagonism. If the pitch of one fork 
sea were mostly generated by wind, though other | was known, it 
eauses, such as earthquakes, occasionally operated. | counting the beat. Thus, if there was one beat a sec- 
By blowing the surface of a long trough of water with | ond, it followed that one fork made one vibration 
a powerful fan, the lecturer showed that the waves more or less than the other in that time. If the 
produced close to the source of the wind were shorter | known fork vibrated, say, 256 times a second, the other 
than those set upfurtheraway. The effect of oil upon | would vibrate either 255 or 257 times, and whether it 
waves was also illustrated and explained. Oil had no was sharper or flatter could be experimentally discov- 
effect upon big rollers, but the broken water upon ered by making a slight change in the weights on its 
which it acted was just what was dangerous to boats prongs. Sound traveled in air at the constant rate of 
inatempest. A sturm in midocean generated waves about 1,100 feet a second, unless it was excessively 
of all lengths, but at a distance a kind of regularity violent. Its velocity was first calculated by Newton, 
was found, since the long waves arrived first, the but his result was too low ; Laplace first aceounted for 
shorter ones following afterward. In the island of the error. Lord Rayleigh then showed how the veloc- 
Madeira, the lecturer said, he had observed waves ity might be indirectly obtained by the use of reson- 
with the long periodic time of ten seconds. The ators. The invisibility of air was a difficulty in the 
height of waves in the sea had often been exaggerated, | investigation of sound, but still some effects could be 
owing to the difficulty of measuring them, but the made apparent to the eye. If a piece of paper was 
highest authentic observation was about forty.feet.| hang in the mouth of a resonator by a silk fiber, it 
The lecturer next discussed stationary waves as| would stay in any position indifferently. But if a 
opposed to the progressive waves of which he had been | tuning fork of about the same pitch as the resonator 
speaking. They were described as the result of the | were excited in the neighborhood, the piece of paper 
meeting of two perfectly equal sets of progressive | would place itself in the position of maximum obstruc- 
Waves, and the production of two systems of them was tion across the alternating current of air flowing in 
shown in a round tank. Lord Ravleigh then spoke of the mouth of the resonator. In conclusion, Kundt’s 
the effects of waves on ships. He showed a small phenomenon was shown. Longitudinal vibrations 
model boat so weighted as to have the same rolling | were set up in a long tube containing some cork dust, 
period as the waves in the tank in which it floated. |and the distribution of the latter caused by them 
The result was that its rolling was exceedingly violent, | showed the location of the nodes and loops. The 
but became comparatively slight when the weights | velocity of sound in the particular gas with which the 


WAVES AND VIBRATIONS. 


At the Royal Institution Lord Rayleigh, F.R.S., 
recently delivered a course of six lectures on “* Waves 
and Vibrations.” In his first lecture, after giving a 
brief account of the nature of wave forms, he said that 


were altered so as to change the rolling period. War- | tube was filled could be calculated from the distances 
ships, in which stability was very essential, were | separating the nodes, where the dust appeared as stria- 


Lord Rayleigh 
method in his 


tions across the diameter of the tube. 
mentioned that he had used this 
researches on argon. 

In his fourth lecture Lord Rayleigh began with some 


designed to have a longer period of roll than any waves 
they were likely to encounter. The lecture was con- 
cluded with some remarks on standing waves, which, 
it Was explained, would be formed in a river flowing | 
four miles an hour by a wave traveling up it at the | remarks on the construction of tuning forks. The ideal 
Same speed. The waves produced would be standing | tuning fork consisted, he said, of two equal masses of 
4 regards an observer on the bank, but progressing as | metal moving toward and apart from each other at 
regarded the water. |the same moment in such a way that their center of 
In his second lecture, Lord Rayleigh, after showing | gravity remained the same. But the actual tuning 
aform of wave which he had been unable to produce | fork of practice was not the ideal one of theory, for in 
Satisfactorily at the preceding lecture pointed out that | it the balance was not complete and ought not, in 
ifa body was capable of vibrating in several different his opinion, to be complete. To make it so the 
Ways the various vibrations might, within certain | prongs should be bent inward. When that was done 
mits, go on together. On this fact, he remarked, de- | very little sound, and that chiefly the octave of the 
pended the possibility of music. He next raised the ; fundamental note, was propagated along the stem. 
question, What was the motion of the particles of | Even in ordinary tuning forks held down in the usual 
— il &@ progressive Wave at sea ? and answered that | manner on a sounding board, the greater part of the 
~ Was both vertical and horizontal. In deep-water | sound heard was the octave, which could only be dis- 
aves it was circular, and greatest at the cireumfer-|criminated from the fundamental tone after a good 
_ The depth to which it penetrated depended on | deal of practice. Lord Rayleigh then turned to the 
oe wave lengths, but was probably greater than | subject of vibrations under the influence of capillary 
etines supposed. Geologists, he thought, had | tension and discussed the behavior of jets of liquid 
adequately noticed the movements which waves | issuing under a certain amount of pressure from crifices 
esa ou bodies at the bottom of the sea. After | of various shapes. If the orifice was circular, the jet 
= at sea had once been formed, it was easy to un-| remained circular for a considerable distance before 
Stand, he remarked, how the wind following the | breaking into drops. From an elliptical hole the jet 


Way inere : : . . ah : : 
ee Increased their height, and, vice versa,| was at first elliptical, it then became circular and 
ocked the sea down” in nautical phrase, when it afterward elliptical again, the major axis of the ellipse 


ed and blew in a direction opposed to their mo- being, however, perpendicular to that of the ellipse 
He next considered very small water waves. first formed. With a triangular hole the effect was 
l. might be obtained with a periodic time of similar. The jet disposed itself into three sheets 
, of a second. Their formation was governed 


chang: 
tio 


perpendicular to the sides of the orifice. The difficulty 
of experimenting with a column of water was pointed 


hot so much by gravity as by capillary force, and there 
behavior could be 


Was a ¢ 


ertain size of wave which, owing to the joint out, but it was shown that its 





yas possible to find that of the other by | 


down. 


the gauze. 
that the gauze was nearer the top, the sound could be 
obtained only by keeping the gauze coul and sending 








studied by throwing its image on the screen, It was 
thus possible to measure the periodic distances bet ween 
the various changes of shape. The application of 
this method to answering the guestion, * 5 the eapil- 
lary tension of a, surface the same when it is first 
formed as it is subsequently ?” was explained, and it 
was stated that the tension of the newly-formed 
surface of soapy solutions was almost the same as that 
of pure water. The lecturer then considered the 
change of jets into drops. The process was illustrated 
by a number of photographs of jets in the course of 
resolution, and also by an experiment in which treacle 
was allowed to fall on a glass plate, when it was seen 
that the stream thus formed on the plate gradually 
contracted at some places and in others swelled out 
into beads or * varicosities.” The distances between 
these contractions and thickenings was a. question of 
wave length. A jet left to itself would probably form 
into drops in a somewhat irregular manner, but regu- 
larity could be obtained by special arrangemeuts. The 
influence of electricity on a jet was next shown, When 
a piece of electrified sealing wax was brought close to 
a fine jet of water, the latter altered its character at 
once. Instead of seattering into a large number of 
very fine drops, it resolved itself into a few large 
ones. In conelusion, some methods of obtaining 
regular resolution of a jet were explained, It was 
essential to impress a definite vibration on it from the 
first. This might be done by means of a tuning fork, 
with which the drops would keep time; or another 
way was toallow the jet to strike something whose 
vibrations were communicated to the nozzle from 
which the water issued. 

In the fifth lecture Lord Rayleigh, dealing with 
vibration in water jets, showed an arrangement by 
which a jet impinging on a disk connected by a wooden 
rod to the pipe from which the jet issued produced some- 
thing approaching tc a musical note. He then discussed 
at some uethe the conditions in which a jet breaks up 
into drops, and the ratio existing between the cireum- 
ference of the jet and the distance between the drops. 

The complete explanation was difficult and depended 
on several variables, so that, although an approxi- 
mately accurate general formula could be given, each 
jet had peculiarities of its own. A highly viscous fluid, 
for example, did not tend to gather up into drops, but. 
on the contrary, showed a progressive attenuation. In 
ordinary fluids, nevertheless, viscosity did not play so 
large a part as was supposed by Plateau. A horizontal 
jet breaking up into drops a short distance from the 
nozzle was shown to regain continuity under the influ- 
ence of a tuning fork of appropriate pitch. The jet, 
however, continued to give off a fine spray, consisting. 
as the lecturer explained, of the ligaments of fluid 
which connect the larger drops at the .moment of 
their separation. Under the influence of two sets of 
vibrations, differing, say, by au octave, the jet gave 
two streams of drops, the even numbers taking one 
path and the odd ones the other. This phenomenon 
was pot understood by Plateau, and another vareful 
experimenter, Mr. Chichester Bell, did not wholly agree 
with Lord Rayleigh. He, however, experimented with 
exceedingly fine jets in which some of the phenomena 
were to be ascribed to vortex motion—the center of the 
jet moving more rapidly than the circumference. 

urning to the important subject of continuous vibra- 
tion and the modes of maintaining it, Lord Rayleigh 
discussed at some length the principle of the eleetric 
tuning fork He showed that the explanation which 
first suggests itself would not Lear examination, since 
it could not explain the intermittent application of 
force at the proper instant. It was necessary that the 
forces should not depend solely on the position of the 
prongs, and, in fact, what made the electric tuning 
fork possible was the retardation or lag of the current. 
The dipper attached to the prong made a_ better con- 
tact on coming out of the mercury than on entering, 
and this difference sufficed to apply the impulse to the 
prong just at the instant when it was most effective in 
maintaining motion. Dealing next with a more familiar 
example of sustained vibration, the lecturer explained 
the production of sound in an organ pipe. Investi 
gators did not seem to be thoroughly agreed on all 
points connected with the maintenance of the vibra- 
tion, while it was vet wore difficult to give a complete 
explanation of all the adjustments upon which, as 
organ builders are aware, depends the capacity of the 
pipe for “speech.” Lord Rayleigh then gave examples 
of vibration maintained by heat. A small jet of burn- 
ing hydrogen was shown to be capable of setting glass 
tubes and brass resonators into rapid vibration, pro- 
ducing musical sounds. There was a certain range of 
piteb, within which the flame acted with more or 
less effect. and one particular note which it called forth 
far more clearly than any other. The flame really 
corresponded to the bellows of the organ, while the 
tube or brass sphere held over it played the part of the 
organ pipe. Yet this was not a complete statement, 
since it was found that, by loosely plugging the 
hydrogen tube with cotton wool, the power of the jet 
to sing was wholly abolished. This proved that the 
musical effect was in part due to vibration within the 
column of gas, as well as to vibration in the resonator. 
A very effective experiment consisted in extracting a 
powerful musical note from a length of common iron 
pipe some six or eight inches in diameter. This was 
suspended from the roof, and contained at about a 
foot from its lower end a partition consisting of a few 
layers of common wire gauze. This gauze was heated 
for a few moments by a powerful Bunsen burner 
pushed up the pipe, and on its withdrawal the pipe, 
after a second or two of silence, gave out a deep boom- 
ing note, which was sustained until the gauze cooled 
Here, as was explained, the sound depended 
upon vibration, together with a slight upward draught 
sufficient to bring fresh layers of air into contact with 
If the pipe were turned upside down so 


hot air up the pipe. 
Lord Rayleigh, 4n his concluding lecture, discussed 
“sensitive ” jets or flames which, under the influence 


of appropriate vibrations, flared or showed other signs 
of disturbance. 
sitiveness, he said that, as he had already explained, 
capillary foree was the cause of the disintegration of a 


Inquiring into the wode of this sen- 


water jet issuing into air, and the jet gave way 


symwetrically round its axis. But with a jet of 
coal gas issuing into an atmosphere of coal gas 
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the conditions were different, and the re | 
of the jet was not dependent on capillary force. It 
did not disintegrate symmetrically, but became bent 
and sinuous, After describing a sensitive flame de- 
signed by himself, the particular advantage of which 
was that it could be used with the ordinary pressure 
of gas, the lecturer attacked the problem of the sen- 
sitiveness of the flame by considering the analogous 
case of a jet of water discharging in water, and con- 
eladed that the behavior of both gas and water jets 
of this kind was in the main dependent on the 
viscosity of the fluid employed. The water jet was 
seen to be sensitive to sounds of very much lower 
pitch than those which affected the gas jet. The man- 
ner of the disintegration was shown in a number of 
photographs, taken by instantaneous illumination, in 
which the sinuous course of the jet was very evident. 
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THE BATTLE SHIPS MAGNIFICENT AND 
CHARLEMAGNE—A COMPARISON. 


Two important types of battle ship are at_the pres- 
ent woment being constructed in the naval dockyards 
of France and England respectively—those of the 
Charlemagne and Magnificent. The representatives 
of these two types, although widely differing from one 
another in many essential particulars, will undoubt- 
edly, when afloat and in commission, be the most com- 
plete fighting machines in the world. 

We engrave, for the sake especially of the interest- 
ing comparison they afford us, drawings of both ves- 
sels; but, although the Magnificent—the first of our 
engravings—is portrayed as she will actually appear, 
it is more than likely that the Charlemagne may be 
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very materially modified in her upper works before 
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From the fact that these a were dissipated in this 
way it might be expected that they would not be 
equally sensitive in all directions, ron fw was found 
to be the case. The sounds might be supposed to 
reach a vertical jet horizontally, and, in fact, a jet 
sensitive to sounds coming from the north or south was 
but little affected by sounds from the east or west. 
Lord Rayleigh then turned to the question of the sen- 
sitiveness of the ear to sounds, and described some ex- 
periments he had undertaken to determine it. A little 
consideration would show that the ear was extremely 
sensitive, but measurements were not so easy. He had 
obtained some startling results. By one method he 
found that the ear was capable of responding to an 
amouut of condensation and rarefaction in the air 
equal to one twenty-millionth of an atmosphere, 
though the result of another series of experiments 
conducted on a different plan went to prove that the 
amount of condensation heard was a tenth less than 
that figure. In conclusion, he briefly discussed the 
question bow we knew from what direction a sound 
came. The point was one of considerable difficulty. 
The fact that we had two ears was supposed to supply 
an answer, since the right ear, if turned toward the 
sound, might be supposed to hear more than the left. 
That theory might hold for sounds coming from the 
side, but what if they were in front or behind? By 
experiment he had found that with pure sounds—such 
as were given by a tuning fork—the ear could tell with 


BRITISH BATTLE SHIP MAGNIFICENT. 
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ing of regret that more powerful engines have 
been designed for the Magnificent class. At the ans 
time if 18 or 184% knots is got out of the Ch me 
by applying all her screw power, it will gine 
maneuvering — superior to those of the 
battle ships. This remains, however, to be proved, 
The double armored decks of the Char emagne 
a valuable modification, and the cofferds::: Sete 
them may prove to be a most useful adjunet to the 
water tight qualities of the ship; but it seems to 
that, if the stability of the vessel was not disturbed = 
the arrangement, the two decks would have been 
more effective combined in one thickness. The typ. 
tle back deck of the Magnificent, Stretching from 
bow to stern, and reaching down far over the sides 
amidships, with its four inches of steel, is superior 
we believe, to the French cofferdam, 4 














she finally emerges from the hands of the dockyard 
officials. 

The accompanying table gives all particulars as to 
dimensions, constructive features, ete., of both ships : 

















Charle- 

Dimensions, etc. magne. Magnificent. 
Length—feet—on water line .............+55 385 390 
PREP ENENG sc cccccsccécccsc.s sesccece ‘ee ‘ 6679 75 
Dranght—feet. ........000 cecccccsceccescces 2533 27% 
Displacement—tons. .. 11,22 14,900 
Indicated horse power 14,0) 12,000 
Coal capacity—tons. ; 1100 1,800 
Speed —KkMOW.........cccccccvesssescccccccees 18 17% 
Armored belt—inches...... 0... .00....eeeeees 15% 9 
Barbette or turret armor—inches... ........ 15% 14 
Armored deck—inches. ............++ ‘ } Scand 1h | yyy 
Center of metal of heavy guns above water ) forward 271%) forward and 

line—feet........ ... © ecb vsceese § aft 21,4 aft %7 
Number of screw propellers.................. | three two 
Armament— | 

Main B. L. guns .... cesececeeeeeees| Four 1144in.| Four 12in. 
Secondary heavy Q.F. guns........... } = = ee =. 
Smaller Q.F. guns. ..........006 «ce eeee Thirty-six Twelve 
Riad chesecice ces. 06 eseee Nil t 
Torpedo tubes and dischargers............... Ten Five 








The first feature that strikes one is that displace- 
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The arrangement of the Charlemagne’s armor has 
already been adverted to in the columns of the Engi- 
neer. The method by which axial fire ahead and 
astern has been secured sguane so likely to be det- 
rimental to the safety of the vessel’s upper works 
when the guns are trained directly fore and aft, that 
we cannot recommend it. But the plan of securing 
the upper deck battery of 54¢ in. guns behind a con- 
plete belt of 3 in. armor cannot be too highly ap- 
proved. The conning towers are also well placed, and 
at a commanding altitude, though it is a little difficult 
to understand what security is afforded to the offi- 
cers in the forward one, in the event of the mast 
being shot away upon which it is perched, the latter 
not being armo 

he power of the armament mounted upon the 
Magnificent is incomparably superior to that of the 
French vessel. The twelve 6 in. quick firers upon the 
former, each with its isolated casemate protected by 
6 in. steel, and the sixteen 12 pounder quick firers of 
the new Elswick pattern, compose an auxiliary arma- 
ment so tremendous in its potency that no moderate 
sized cruiser could live in the vicinity of the battle 
ship, ewen if keeping under way at a rapid rate 
of steaming, so as to avoid the fire of the main arma- 
ment of 12 in. heavy guns. The uniform height, 27 
ft., of the British heavy guns above the water line is 
also a distinct advantage. 





The total coal capacity, and consequent radius of 
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THE FRENCH BATTLE SHIP CHARLEMAGNE, 


certainty their direction when they were to the right 
or left, but was quite at a loss if they were in front or 
behind. But with other sounds the case was different ; 
the ear could easily judge the direction, whatever it was, 
of sounds such as were produced by the human voice 
or by clapping the hands. 


ment and indicated horse powor are nearly reversed 
in the two ships, as to their relative proportions ; but, 
of course, the extra engine power of:the French ves- 
sel is mainly required for the third propeller, and we 
cannot admit that the result of experiments with tri- 
ple screw vessels is so satisfactory as to cause us a feel- 
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action of the British battle ship, is considerably 
greater than that of the Charlemagne. Eig 
hundred tons of coal can, in emergency, be we 
away in the former, but the extreme capacity © pon 
latter is only 1,100. This is an important charac 
istic for long sea voyages.—The Engineer, London. 
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THE LOSS OF THE REINA REGENTE. 


Tus sad intelligence is announced of the founderin 
sea of the sp endid armored cruiser of the Spanis 
é the Reina Regente, with loss of some 420 officers 
uatY, "ew. On the 10th of March the ship sailed from 
for Cadiz, and sank, it is believed, the follow- 
ig day during the prevalence of a at storm. 
The tips of her topmasts were found projecting from 

the water near Gibraltar and the Spanish coast. 

The armored cruiser Reina nte was built and 

by Messrs. James & George Thomson, of 
bank, for the Spanish government, in 1886-1887. 

She was a vessel of considerable size, the following be- 
ing her measurements : Length over all, 330 feet, and 
wt feet between perpendiculars ; breadth, 50%¢ feet ; 
and her draught was 20 feet, giving a displacement of 
5,000 tons, rots increased to 5,600 tons when she 

llv equip q 

— essel belonged to the internally protected 
type of war cruisers, a type of recent origin. The in- 
ternal protection included an armored deck which 
consisted of steel plates ranging from 34, inches in 
thickness in the flat center to 4% inches at the sloping 
sides of the deck. This protective deck covered the 
“vitals” of the ship, the machinery, boilers, ete. 
Then there was a very minute subdivision in the 
hullsof the ship, there being, in all, 156 watertight 
compartments, 83 of which were between the armored 
deck and the one immediately above it. 

Throughout her whole length the Reina Regente 
had a double bottom, which also extended from side 
to side of the ship. ’ 

Not being weighted by massive external armor, the 

a Regente was unusually light in proportion to 
her bulk, and in consequence it was possible to sup- 
ply her with engines of extraordinary power. They 


THE 


were of the horizontal triple expansion type, driving 
twin serews, and placed in separate watertight com- 
partments. The boilers, four in number, were also in 
separate compartments. 

The engines were designed to indicate 12,000 horse 
power, and on the trial, when they were making 110 
revolutions per minute, they indicated considerably 
upward of 11,000 horse power. 

@ vessel was capable of steaming 6,000 knots 
when there was a normal supply of coal in her bunk- 
‘rs, and when they were full there was sufficient to 
tnable her to steam 13,000 knots. 

When fitted out for actual service, this novel war 
ruiser had a most formidable armament, consisting 
of four 4 centimeter Hontorio guns (each of 21 tons), 
- 12 centimeter guns (also of the Hontorio type), six 
sounder Nordenfelt guns, fourteen small guns, and 

ve torpedo tubes—one at the stern, two amidships, 
and two at the bow of the ship. 





NOVELTIES IN STEAM LAUNCHES. 


Phi launches which are on view at the Royal Aqua- 
wm, London, form part of the fisheries exhibition. 
ere is besides these a good collection of rowing 

‘Ss, canoes, ete., as well as of various appliances con- 
hected with boating. Most of the henenae shown use 

ye um as fuel. One of them, a woneeny boat, 22 

in g, is exhibited by the Liquid Fael Engineer- 

* Company, of East Cowes. The general ar- 

magement of the boiler consists of copper tubes 


aed at the bottom just below the lamp 
: Which all enter the steam drum near the 
~ Fe ese tubes are of seamless drawn cop- 


nt in a double curve to allow for expansion 
and are fixed by means of a detachable joint, so as to 


enable any tube to be taken off by means of a spanner 
only for inspection or cleaning, without any necessity 
for packing or expanding the ends. The whole boiler 
is copper or brass, no steel or iron being used, but the 
easing is of galvanized iron lined with-asbestos. This 
opens with a hinge, so that all parts of the boiler are 
easily accessible. The generator is a flat hollow plate 

just above the lamp. Partitions in this cause 


times, till it goes out in the form of gas to the burner. 
In the center of the burner is a weighted valve, by 
which the admission of gas is regulated according to 
pressure. A small lamp, made of asbestos wool, satu- 
rated with oil or spirit, is placed under the generator 
to start it, and oil admitted slowly. In five minutes 
the burner is working, and in fifteen minutes from 
everything cold there is a pressure of 100)b. A hand 


air pump is connected with the oil tank; and as soon 
as there is 5 lb. or 6 lb. pressure from this, the oil will 
flow into the boiler, and the feed p s automati- 


eally. The same company exhibit the ‘* Simplex” stock- 
less anchor. This is in shape just like the ordinary 
Martin’s anchor; made to fold flat when not in use. It 
is, however, differently made, and reqfires no fitting. 
The shank is first cast, in annealed steel, and then it is 
put into the mould, and the flukes are cast through it; 
the bearing surface being protected by asbestos or 
blacklead, to keep it from sticking. The smaller sizes 
are also made in gun metal or phosphor bronze. 
Messrs. Simpson, Strickland & Co., of Dartmouth, 
show a yacht’s launch 24 ft. long, fitted with Kingdon’s 
patent quadruple expansion surface condensing ma- 
chinery. These engines are beautifully made and{very 
compact. They also show a Canadian canoe, 17 ft. 6 
in. long, fitted with a one horse power high pressure 
condensing engine. "““his is probably the smallest en- 











gine ever made for a vessel of this size, as, together 
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p 
the oil to pass backward and forward a number of | 


the average speed is six miles an hour. The naphtha , 
tank is in the bow, and the boat can be stee from 
either forward or aft. As shown at the exhibition a 
table is set for dinner in the middle of the boat, and 
the plates, cups, forks, spoons, and cooking utensils are 
allofaluminum. . 

Messrs. Desvignes & Co., Tedington, also exhibit a very 
handsome steam launch, which contains several novel 
points. It is fitted with their patent water tube boiler, 
weighing 540 lb., and consisting of 200 solid copper 
tubes, arranged in four batteries. These tubes are 18 
B.W.G. thick, ° in. external diameter, and 15 in, 
long. The working pressure is 180 Ib. Mr. Desvignes 
was the vey od of the celebrated high speed river 
launch, the Hibernia, the steamer used by the umpire 
of the Henley Regatta, and capable of making pe, 
miles per hour. She is 48 ft. long, 7 ft. 3 in. beam, an 
her engines indicate 130 horse power. The boat ex- 


hibited is 25 ft. long, 5 ft. 2 in. wide, and 2 ft. 6 in. 
deep. The draught to the bottom of the propeller is 
17in. The engine, which is 344 in. diameter by 8 in. 


stroke, is a remarkable miniature, with extraordinary 
proportions with respect to the essentials of large 
working surfaces and steam passages.—The Engineer. 





THE CLAY PIPE INDUSTRY. 


THE clay from which the ordinary clay pipe is made 
is in its natural state of a slate color. It changes to 
white in firing. That used in pipe’ factories hereabout 
comes mainly from Woodbridge, N. J. As received it 
is in chunks, large and small, and in dust, something 
as soft coal comes, and its color is not unlike that of 
cement. The clay is soaked in tubs for ten or twelve 
hours, until it has been soaked into a mass, to prepare 
it for working. It is then put through a pug mill, in 





which it is mixed to make it of a uniform consistency 





SPANISH WAR SHIP REINA REGENTE. 


with the boiler, it occupies a space of 17in. square. It 
is heated with liquid fuel, the burner being of the 
Wells type. The engine is 2 in. diameter and 2 in. 
stroke. The copper tube which forms the boiler can 
be easily taken out for cleaning. The boiler casing, 
engine framing, ete.,are of aluminum. The oil for the 
feed is in a small tank under the thwart. It only 
holds a gallon, but is sufficient for fifteen or sixteen 
hours, The propeller is driven by means of a uni- 
versal joint, and has the arrangement usual on boats 
of light draught, to enable it to be lifted out of the 
water. 

Launches with petroleum motors are also shown by 
the Daimler Motor Syndicate, of Leadenhall Street, who 
exhibit several boats fitted with their patent motor. 

The exhibitors say that there is no smell, that no 
skilled engineer is required, and that they have suffi- 
cient steam pressure to start running three minutes 
after they light the fire. A 1 horse power motor will 
drive one of the boats they exhibit, which is 23 ft. 
long, 4 ft. 11 in. beam, and 2 ft. 21¢ in. deep, at the speed 
of six or seven miles an hour, with a consumption of 
fuel costing 1d. per hour. Besides launches they show 
patent propellers with reversible blades. One of 
these was fitted last year to the Porthegan lifeboat 
in Pembrokeshire, and is reported to be giving great 
satisfaction. 

The British Aluminum Company has an attractive 
exhibit consisting of an aluminum naphtha launch. 
This boat, which was built by Messrs. Escher, Weiss 
& Co., of Zurich, was running regularly last sammer 
between Windsor and Maidenhead. It is constructed 
of aluminum plates \% in. thick, and weighs, when 
fully loaded, 850 lb. It is fitted with a 2 horse power 
naphtha engine, and is 17 ft. 9 in. long, 5 ft. broad, and 
2 ft. 3in. deep. The mean draught is 1 ft. 4in., and 








and to bring it to the right temper ; it should be like a 
stiff dough. As it comes from the pug will it is made 
up into balls or bunches about the size of a peck mea- 
sure. From the clay thus prepared,for use withoutany 
admixture whatever the pipes are made. 

The first step in the process is the working of por- 
tions of the clay into what are called rolls. A bunch 
of the prepared clay is placed upon a bench and the 
roll a picks off two lumps of clay,which he lays 
on a board in front of him on the bench. He rolls both 
lumps at once, one under each hand, rolling them out 
into elongated, tapering shapes, with the thick ends or 
heads toward the thumbs and the smaller ends taper- 
ing out on the little finger side of the hands. These 
are the first crude shapes of the pipe, though their re- 
semblance toa pipe would not be detected if one did 
not know that thet was what wasto be made of them; 
the roll looks perhaps more like a horseshoe nail with 
a round instead of a flattened head, and a round in- 
stead of a flattened nail ; or it may be of a ~ # quite 
different from that; its shape and the length of the 
stem part depending on the style of pipe to be made. 

The rolls are laid on boards in bunches of dozens, 
and put away to stiffen ; after ten or twelve hours they 
are ready for moulding. There are different kinds of 
moulds, varying in some minor details, but practically 
alike in operation. Some moulds are, however, muc 
more elaborate in construction than others, the mould 
for an ordinary ptpe being in two pieces, while the 
mould for a fancy pipe might be in a half a dozen or 
more pieces. A pipe factory might have hundreds of 
different moulds for almost as many styles of pipes. 
Moulds for plain pipes are made of iron, those for elabo- 
rate styles are sometimes made of brass or other com- 
positions. 

The mould for an ordinary clay pipe is of two parts, 
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hinged at the botton, and opening vertically length- 
wise. By the pipemaker’s side is a board of rolls. He 


holds by a handle at one end a wire that is to make} 


the hole in the stem of the pipe. He picks up a roll 
and draws the stem part down on the wire, there is the 
hole in the stem of the pipe already made. He bends 
the head end up a little to make it go more easily into 
the mould, and that touch adds distinetly to the pipe 
look of the roll. He puts the roll in one side of the 
mould and shuts the mould up together and puts it in 
a press, bowl up. The closing together of the parts of 
the mould upon the pliable clay has already shaped 
the pipe upon the outside, and there is a hole through 
the stem, the wire still remaining in it, but it has no 
bowl A single turn of a side screw holds the mould 
firmly in the press. Over the press is a lever to which 
is attached what is called a stopper, it is like a planger 
attached to the underside of the lever by a pivot, 
When the lever is brought down the stopper is forced 
into the clay in the head of the mould, and sothe bowl 
is formed. The mould is taken from the press and the 
surplus clay around the edges of the mould, pressed 
out when the mould was shut together, is shaved off 
with a knife; the wire is drawn from the stem, and 
the now completely formed pipe is set aside. The ce- 
lerity with which the work is done is surprising. An 
expert pipe maker can make seventy-five gross of com 
mon pipes in a week; forty gross, however, would be 
about the average 

When the pipe comes from the mould, the clay still 
damp, it is a little darker in shade than the clay in its 
natural state. The bowl almost glistens in its smooth 
ness. The new pipes are set away in racks to dry out 
somewhat before the next step in the process, the 
finishing. Ten or twelve hours in a temperature of 
seventy-five degrees is sufficient. There 
the pipe a little seam where the mould has come to 
gether. In finishing the pipe a wire is run through 
the stem again to clear the hole if there should be any 
obstruction, and the wire serves also as a handle with 
which to hold the pipe. The seams are taken off, as is 
also the little burr of clay at the bottom of the bow! of 
the pipe over the hole from the stem. At this stage, 
too, the pipe is stamped with its brand, if it is to have 
one, if it is anything more elaborate than a simple let- | 
ter or two on either side of the pipe. Designs are 
sometimes cut in the mould, but if it should be one} 
across the pipe, the mould seam would ranthrough it, 
and a smoother finish can be given by stamping after 
the pipe has come from the mould. Now the wire is| 
drawn, and the pipe is set back on the board, and the | 
board is again placed in the drying rack; this time the | 
pipes are to be thoronghly dried, and twenty-four | 
hours is about the time required. 

Then the pipes are put into saggers, to be placed in 
the kiln. The . evlindriecal shaped pot of 
fire clay, twelve or fifteen inches high, and about the} 
same diameter. The longer stemmed pipes are laid in | 
the sagger with regularity}; the shorter stemmed, such | 
pipes, for instance, as are to be finished later, with a} 
stem piece of another material, and perhaps, to be 
colored in imitation of meersehaum, and which have 
stems so short that there is no danger of bending them, 
are simply laid in loosely. On the average a sagger 
will hold about a gross of pipes ; of some pipes more, 
of others less, depending on the size. The saggers, 
filled, are stacked up in the kiln in stands, a kiln of 
ordinary dimensions holding twenty-one stands or 
stacks, nine high. The pipes are first subjected for 
about five hours to a comparatively mild heat, which 
is called soaking; then the full heat of the kiln is put 
on and continued for twelve or fourteen hours. Then | 
the kiln is opened and the sagygers are taken out, with 
the now completed pipes. They come out white 

Fancy clay pipes are made in the same manner as 
common clay pipes. In the making of the more 
elaborate pipes, as, for instance, one with a bowl in 
the semblance of a head, more elaborate moulds may 
be required. As stated above, moulds of half a dozen 
or more pieces are sometimes used. Of course it takes 
more time to make such pipes, but the general process 
followed is the same. The properties of the clays used 
in the manufacture of pipes are of course known, and 
the effect produced upon them by heat. The siate 
colored clays used as here described burn white ; 
red clays burn red, and some pink, and so on. 

There are some familiar shapes of clay pipes that 
are standard and that are sold year after year con 
stantly in great numbers. There are some other shapes 
and styles that are of steady sale; and fancy clay 
pipes are made in great variety; popular styles of 
wood pipes are reproduced in clay. 

There are a number of clay pipe factories in this 
country, none of them very large, and most of them 
quite small. Their total output of pipes is consider-| 
able, but it is but a very small part of the total con- | 
sumption of pipes in this country ; 
than two per cent. 

Most of the clay pipes we use are imported from 
Germany, Holland, Scotland, and France, in quantity 
in the order named, the greatest aggregate number 
coming from Germany, and the greatest number of 
fancy pipes from France. There has been but little 
change in the clay pipe industry in this country in re- | 
eent years. Under the McKinley tariff of ten cents a} 
gross it looked up somewhat ; under the present tariff 
of ten per cent. ad valorem it is not increasing. 

The foregoing is from a recent number of the New 
York Sun. An illustrated article on the same subject | 
will be found in SUPPLEMENT 707. 
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HORIZONTAL BAND SAW. 


THE band saw which we illustrate has been patented | 
by Herr Landis, a sawmill owner, whose works are 
situated near Zurich, and the machine is pow being| 
made by Messrs. A. Ransome & Co., of the Stanley 
Works, Chelsea. As will be seen from our illustrations, 
which are from Engineering, the saw cuts horizontally | 
instead of vertically. The frame of the machine con 
sists in the main of two pillars fixed on each side of 
the log table. 
the upper portion of which a multiple-threaded serew 
is eut, while at the bottom of eacn sleeve a worm- 
wheel is fitted. These wheels are driven by two worms 
keyed on a shaft extending transversely across the ma- 
chine underneath the table. Cutting is commenced 


with the saw in its highest position, and as each plank 
is cut off, the saw is lowered by rotating the hand- 





remains on) 


| the hand levers passing underneath the table. 


Surrounding each pillar is a sleeve, on | 








| wheel shown on the right, which is connected to the 
| wormshaft, already mentioned, by bevel gearing. The 
weight of the saw and its saddle, the pitch of the 
|serew being quick, tends, it will be seen, to make the 
manipulation easy. A dial is fitted above the hand- 
wheel, and permits the thickness cut to be accurately 
regulated. The saw is raised again by power. The 
bearings supporting the pulley spindles are fitted on 
trunnions, I 





tach of these trunnions, in the case of the 
right-hand pulley, is fitted on an arm, sliding telescope 


fashion in the main saddle casting. On the top ot 
these arms a serew rack is east, into which a worm 


gears, which affords a means of sliding the arms out 
and of getting the requisite tension in the saw. In 
order that the saw may run properly, however, it is 
necessary that the two spindles shall not be parallel to 
each other, and it is for this reason that the trunnion 
bearings are employed. The worm traversing the 
back teleseopie arm can be uncoupled from its fellow 
in front, and this done, the forward arm alone is 
moved on tarning the handwheel working the travers- 
ing gear. Having obtained a suitable inelination of 
the spindles to each other, the second arm can be put 
in gear by simply tightening a nut, and then the two 
arms move together till the requisite tension is ob- 
tained on the saw. The table, which is 28 feet long, is 
of iron, being constructed of two I beams rigidly con- 
nected together transversely. The under surfaces of 
these | beams are accurately planed and run on rollers 
bolted to the bedplate at frequent intervals, Care is 
taken in affixing these rollers that the upper surfaces 
lie accurately on one level. For feeding, a pitch chain 


i 








of elm being cut per minute, and the saws used 
be very thin, as little as 18 to 19 B. W.G. The ne 


is thus small. The boards produced are of even th 
ness and quite true. As it only requires one atten 
to control the machine in addition to the laborer gh 
ing the log, the wages bill ean be reduced. [t Will be 
seen that the whole of the machine is fixed abo 
ground level, so that no heavy excavation is required 
in erecting the plant. Two belts only are required f, 
driving all motions; hence the machine can be a 
easily from a portable engine, and, being readily fixed, 
it is particularly suitable for forest work. For board 
sawing from logs a single Landis machine is said tod 
more work than ten ordinary horizontal frames, cues 
as are generally used. 

SILVER GRAY ROOFING TILE. 

FROM a recent number of Brick we take the follow. 
ing: The production of roofing tile in the United 
States, though excellent of its kind, so far as it goes, ig 
very far, both in extent and variety, from being ona 
level with other branches of our clay industries, 

We ean only eall to mind about a balf dozen many. 
facturers of roofing tile in the whole country—a nyp. 
ber that is quite inadequate to our needs ; but even jf 
these few tileries could supply the land, the expense of 
freight for long distances would make it impossible 
for the best of all roofing material to come into general 
use, 

We want tosee more burned-clay roofs in our country 
and to this end we bring to the notice of the readers of 
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running over a sprocket wheel is used, the ends being 
firmly attached to the table. The height below the 
saddle and the width between the columns is such 
that logs 4 feet square can be dealt with. A single man 
can manage the whole machine, the five handles used 
in working being all grouped together on the right. 
The first of these, working the lowering gear, has al- 
ready been referred to, and the others will now be 
described. One of them throws a friction cluteh into 
gear to raise the saddle again. This gear drives the 
lower worm spindle, which rotates the screwed sleeves, 
thus lifting the saddle. The second handle works a 
friction clutch, giving the forward feed, and the third 
handle runs the table back at a speed of 600 feet per 
minute. By means of the fourth handle the forward 
feed can be varied from 10 feet to 80 feet per minute. 
The whole of the above gearing is grouped together on 
the left of the machine, the links connecting it with 
The 
arrangement is shown in Fig. 2, in which A represents 
the clutch used for raising the saw, B that for the 
quick return of the table, and C that for the forward 
feed. The gear for regulating the rate of feed is shown 
at D. It consists of a disk and roller friction gear. 
By moving the roller nearer the center of the disk the 
speed of rotation is, of course, reduced. Contact be- 
| tween the two is maintained by the use of a weighted 
| lever. The machine is claimed to combine the fune- 
tions of a breaking-down frame and a board-cutting 
machine. Indeed, it will almost cut veneers. It ful- 
fills both of the functions, it is stated, more economi- 
eally tham any existing machine for either class of 
work, as it can be run very rapidly, 80 feet superficial 
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LOG BAND SAW. 


Brick a method of making roofing tile which appears 
to be quite unknown here. : 

The silver gray or ‘‘ blue smoked ” tile, first made in 
Holland and the lower Rhineland, is manufactured 
with suecess in various parts of Germany, notably at 
Freienwald on the Oder, where the Freienwalder 
Rathsziegelei belonging to J. F. Beneekendorf has for 
several years produced this special tile with great suc- 
cess, but it is strange that, notwithstanding the many 
advantages this tile possesses, it is not widely known, 
even in Europe. ; 

The silver gray or, as the Germans call it, blue 
smoked (blaugedampfte) tile is a solution of the diffi- 
culty of making a roofing tile which, without being 
vitrified, is absolutely waterproof. A vitrified tile has 
many opponents, for the reasons that a heat suffi- 
cient to produce vitrification is very likely to warP 
and twist the tile; a vitrified tile, too, is very often 
brittle, for out of a kiln of roofing tile some ate a& 
most sure to be chilled, that is, struck by a current 
of cold air before the process of annealing, or very 
slow cooling, is completed. Consequently a tile is 
put on the market, the Ludowici, which ror arg 
be superior to all others because it is not viteitlow 
But the vitrified tile men retort that this is only baked, 
not burned clay, and not far removed from adobe ; 
that the non-vitrified tile is so soft the spare 
eould scratch a hole through it and that its crude lig 
color makes it an eyesore on the top of a good piece 
arehitectural work. both 

The silver gray tile possesses the advantages of -~ 
the vitrified and non-vitrified kinds. It is not burned 
hard as to be distorted and brittle, it has a sabdu 
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and is 


one of ' . 
taken putty around it, poured water on, allowing it 


frame of for five or six days. No trace of moisture 
OC oeed itself underneath any more than it would on 

giass or thoroughly vitrified tile. A common roof- 
~ tile must be of exceptionally good quality that will 
| under such a test, show beads of water on the un- 
der surface within an hour, ; 

The silver zray tile is, briefly, a burned clay tile car- 
ponized throughout, the gra hite-like carbonization 
being pr xiuced at the conclusion of the burning pro- 
cosa, somewhat as salt glazed ware is glazed when the 
burn is finished. The method of doing this we will 
now proceed to describe. 

The tile nay be of any shape or make, hand made, 

ressed or vuger machine made. Very conveniently 
craped are the corrugated tile which, when set in the 
kiln, give only small points of contact and at the same 
time form a number of tubes, through which the car- 
ponizing vapor (blue smoke) can circulate. But any 
shape or kind of tile that can be burned can be “ blue 

“d.” 
a differ as to the best size for the kiln. One 
authority, Jacob Buhrer, considers the kily should be 
small, holding about 8,000 pressed or 10,000 auger ma- 
chine tile. Thongh he adinits it is very much a ques- 
tion of the amount of heat the clay will bear without 
falling down, and that kilns should be smaller for ware 
which burns very easily, while if the clay holds up well 
the kiln ean be larger; but another authority, | C. 
Jungst, contests this, citing the practice of the Freien- 
walder works, where the kilns hold 20,000 pressed lock- 
joint tile and give perfect results. 

It is obvious that only tile can be burned in a kiln 


absolutely waterproof. The writer has 
these tiles and raising a border or 


by the chief burner himself, so that he may be quite | may be due to causes over which he has no control. 
certain the right quantity is used, and for this opera- | The oil (we are not now speaking of liquid tar) which is 
tion of pouring in the oil or liquid tar, a watering can, | mostly refuse from the oil refineries, may contain inju- 
from which the rose has been taken off, is more conve- | rious constituents producing minute cracks in the tile, 
nient than a pail. F cracks so small as to be invisible to the naked eye. 
As for the cooling of the kiln, the quicker this can | The tile may even ring, but it will not last over one 
be done the better, but we reckon it to take seven or| severe winter. In one car load of oil there may be 
eight days. When it is believed that all the fire is|some barrels of a more inflammable character and 
dead, the opening of the kiln is commenced, very care-| which do not possess tke property of quickly deaden- 
fully and very tentatively at first, for the kiln must| ing the fire ; in such case a larger quantity of the oil 
absolutely not be opened so long as there is the least! must be used or the ware will not be perfect. Coal 
chance of the vapor in it igniting, as this would ruin | which does not produce a long flame will be found to 
the color and appearance of the tile. The fire doors | be unsuitable for the blue smoking process, the more 
are opened one at a time and as little as possible, suffi- | so that the kilns are fired from only one side. Where 
ciently to draw out the ashes, for these hold the fire | this is the only fuel obtainable, it has to be supple- 
longest. This work should be finished quickly. The | mented by the use of a considerable quantity of split 
burner then goes on the roof, one of the peep holes is' wood, and the burning must be finished entirely with 
opened (there are usually three on a kiln twenty-five | this wood. 
feet long). He cannot see into the kiln, in consequence | This brings us to the question of the most suitable 
of the vapor which continually rises, but the hole is} fuel. Our manufacturers in many parts of the coun- 
left open for about five minutes, when, taking a sack | try possess exceptional advantages for burning fine 
he strikes some smart blows with it upon the mouth | ware, such as roofing tile, in a plentiful supply of a 
of the hole, when he will very soon see if there is any | most admirable fuel, crude oil. 
fire in the kiln, for sparks will come out of the hole | We have no doubt erude oil would prove the very 
and these can be seen very plainly at night. If sparks | best fuel for the work described above, combining in 
appear, the opening must be closed at once, and cov- | itself the advantages of coal and wood, and we antici- 
ered with sand and the fire doors daubed tightly. | pate that ernde oil would perfectly supply the place of 
In an hour’s time this can be tried again, but if no | coal tar or the oil refinery refuse used in Germany for 
sparks are seen, the further opening of the kiln may | the actual blue smoking. 
be proceeded with. All the view holes are opened and | By using [fuel oil we should expect, if the burning 
the sand packing is removed from the kiln door and a | and blue smoking is properly done and the clay is net 
small hole is broken through the inner door. In three | very difficult to handle, that it would not be a ques- 
hours’ time this hole is enlarged, and after a further) tion of what percentage of good ware could be got 
six hoursthe whole of the door can be broken down, | from the kiln, but that every tile would be a good and 
so that the setting is seen. Up to this time the fire | salable article and all be of equal color, 
door and chimney damper remain closed, After wait-! A tile such as is here described would, we feel sure, 








at one time and it takes two or three burns of ordinary 
ware before the tar, with which the kiln walls are sat- | 
orated, is got out, and front, ornamental or glazed | 
prick, can be burned without fear of discoloration. | 
The time occupied in burning a kiln of silver gray tile | 
js about as follows: 14 days for setting, 3 days for 
water smoking, 146 days for full heat burning, 6 to 7 
days for cooling, 1 day to empty kiln; total, 13 to 14 
days. 

It is found an advantage to build the kilns. whieh 
are only fired from one side, in pairs back to back and | 
run the two at the same time. These are the smaller | 
kilns as worked by Buhrer, and the consumption of | 
fuel (coal) is about four tons each. The chief burner | 
must thoroughly understand his business and know 
how to raise the temperature to an equal degree 
thronchout the entire mass of the ware. The more 
equal the temperature, the nearer perfection is the sil- 
ver gray gloss, which should be alike on every tile in 
the kiln. It is advisable, and is, in fact, the usual 
course, to finish up the firing and get a white heat of 
equal intensity throughout the kiln, with small shin- 
gled or split wood, and it is very important that trial 
pieces be freely used, for without these, mistakes are 
verv likely to be made. 

The burning being complete and the chief burner 
seeing that he has an equal heat throughout the kiln, 
on the furthest side the same as near the fire. the next 
operation is to hermetically elose the kiln as quickly 
as possible. Wet or damp sand has been previously 
heaped up at the fire boxes, as high as the doors. An 
assistant stands ready on the top of the kiln with a 
pail of daubing mud and a quantity of damp sand. 
The burner then throws about eight to ten shovelfuls 
of slack upon each fire, quickly shuts the doors and 
calls to his assistant to close the damper. This is done 
at once, daubed with mud and a layer of about eight 
inches of sand thrown on. 

By this time the burner has completed the closing of 
the doors with sand; the peepholes in the roof have | 
been closed and covered with sand. All this work | 
must be done very smartly, as it is an advantage to | 
hold the smoke or vapor in the kiln, which comes 
from the slack just thrown in. The kiln is then al- 
lowed to stand for half an hour to an hour and a half, 
80 that the glow of the fire is equally distributed or, | 
as burners say, ‘the fire settles.” The time necessary 
for this is a matter of experiment and largely depends | 
upon the size of the kiln. As a general rule, one hour | 
is enough ; after an hour and a half the heat falls) 
too much 
_ Everything being ready and there being not an open- 
ing or crack or fissure in the kiln by which air can | 
enter, the tar or oil is poured into the kiln. This is | 
pat in through siphon-shaped funnels, of which an | 
illustration is given here. 

The object of the bent tube is to prevent admission 
of air at the time of pouring in the oil. Assuming 
that we use common coal or gas tar, seven pailfuls will | 
be poured in, each pail holding between ten and | 
eleven quarts. The tar or oil must not fall directly on | 
the tile. When setting the ware two spaces are left, 
one each side of the kiln, and a layer of single brick 
arranged for the tar or oil to fall upon and vaporize. 
Two funnels are put into holes provided for them in 
the roof of the kiln. The joints well luted and further 
protected by wet sand. Half the blue-smoking mate- 
nal is poured into one funnel, half in the other. In 
three hours’ time another seven pailfuls is poured in; | 
this is done four times in all, so that the total quantity 
of tar used is about seventy-four gallons. It might be 
Supposed that this great quantity of liquid tar, or oil, | 
Would apoil the contents of the kiln, but this is not the 
tase. From the time the oil is first poured in, the 
sand, with which the roof is covered, is kept wet. Ifa 
row of kilns, say ten or twelve, are always used for 
blue-smoked tile, it is well to have water laid on per- 
Manently through an inch or inch and a half iron 
Pipe along the kilns at the height of the roof, with 

ranches at each kiln, upon which a rubber hose ean 
ne fixed. Where such an arrangement is not used, 

ateris thrown on the kiln, five pails of water every 
—* half, day and night. for thrice twenty- 
ur hours, then every two and a half hours until the 

: Is coolfenough to open. 

200 1c _ of ten or twelve kilns, each holding from 
= »4, v0 tile, two burners: and two assistants are 

ugh for day and night service and are able to burn 
rom twenty-three to thirty kilns per month. The as- 





| 
| 
| 
| 
| 


aye in addition to helping when closing the kiln, 
i, the fuel, clear away the ashes, close and open the 
b doors, and keep the sand damp on roof and other 
P Where it is used for sealing all openings. 
Pouring in of the oil should, if possible, be done ; 





ing another six hours the fire deors can be opened a} bea welcome variety to architects and command a 
little, but care must be taken not to open up too | ready sale. 

quickly, particularly if the clay is of such a nature| We know well that the dark and neutral tinted slate 
that it will not bear rapid cooling, for the bottom rows | and the subdued tones of old shingle or thateh are the 
of tile which lie on the flue openings will craze and fly. | most satisfactory roofing materials, so far as appear- 
Six hours later the fire doors can be all quite open, so; ance goes, and are a great ornament to a building. 
that after twenty-one hours’ cooling, the outer air) The facade of a house may be rich and imposing, or 
streams through the kiln; but even then the chimney | chastely beautiful, but if the roof be yellowish white 
damper is kept closed, otherwise the draught or current | or pink or pale red, the value of the whole, as an artis- 
of cold air would be too great and cause chills or cold | tie effort, is diminished. 

eracks. The damper should only be opened afew! A dark red tile is far better; but it is undeniable 
hours before emptying the kiln. This is the usual’ that a neutral tint is the best of all and a roof so tinted 
practice, though there are burners handling much| is a finish and a frame to the rest of the architectural 


|smaller kilns who do not throw water on them, which! picture and a neutral color tone is the more desirable 


is of course very trying to the brick work, but wait for | if the surface of the roof is broken by turrets, returns 
seventy-two hours. Then open the fire doors, after| or dormers. 





SILVER ALLOYS. 
By G. J. Fow.Er, M.Se., and P. J. HartoG, B.Sc. 


THE following notes form a record of some experi- 
ments undertaken* for the purpose of obtaining a 
silver alloy, which should possess the whiteness of 
silver, without its liability to tarnish, and should also 
be capable of electro-deposition. Our endeavors proved 
unsuccessful, but the results obtained are of some in- 
terest. Our experiments fall into two divisions : 

(1.) The preparation of alloys by fusion of their con- 
stituents. 

(L1.) The deposition of alloys by electrolysis. 

(1.) Some time ago a company was formed for elee- 
tro-plating with an alloy of silver and cadmium, which 
was stated to be much less tarnishable than silver. 
For various reasons the company did not meet with 
great success, one being, doubtless, that the expeec- 
|tations with regard to the alloy were not realized in 
practice. 

We have found indeed in all cases that the silver al- 








this the kiln doors, beginning at the bottom, are opened 
by degrees, The kiln stands like this for a time, then lovs we prepared were more easily tarnishable than 
the chimney damper is opened. This creates a strong | pure silver; on the other hand, a sulphide stain is in 
draught, and in about another twenty-four hours the | general more easily removed from the alloy than from 
kiln is cool enough toempty. Bat this plan, itshould | the metal. We tested the allovs by the following 
be observed, can only be adopted with certain kinds | rough but efficient means: two drops of ammonium 
of clays, - | sulphide were placed on the burnished surfaces of the 

As to whieh are the most suitable clays for the blue- | alloy and of pure silver, respectively, at the same time, 
smoking process, this, too, can only be determined by | and removed at the same time, after an interval of a 
experiment. The prevailing opinion that a consider-| minute or two. It was then evident in all cases that 
able quantity of iron must be present in the clay is a | the stain on the alloy was deeper in color than that 
mistake. The method used at Tegeln, in Holland, | on the silver, while it was in general more easily rubbed 
which we propose to fully discuss in a future article, | off with a piece of chamois leather. F 
possibly requires that iron shall be a constituent, but | Jt is of course well known that silver sulphide forms 
where the blue smoking is done with liquid tar or oil, | q particularly good and tenacious coating on silver ; it 
iron is not necessary, and it is found that clays con-| was to be expected that a heterogeneous mixture’ of 
taining lime, burning a yellow color, and even pure | sulphides would be less tenacious. The following lines 
kaolin, will take the finest silver gray color. This pro-| contain a brief deseription of the alloys prepared. 
cess is specially adapted to clays which, when burned, 1. Silver Zine Alloys.—The zine was melted in a ern- 
prove very porous, but we must caution our readers | ejble under powdered charcoal, the molten silver added, 
against assuming that any and every clay will do.| the mixture stirred with an iron rod and poured into 
Tiles made from certain clays, apparently thoroughly | q mould. 
sound, with a good ring, and free from craze or crack,| (a) Ag 95 per cent., Zn 5 per cent. Color somewhat 
have been found unable to withstand the first severe | grayer than that of pure silver, but not easily dis- 
winter. An analysis of the clay will not tell us whether tinguishable from it. F 
it will give a good tile; experiment alone will do| ()) Ag 93 per cent., Zn 7 per cent. Color easily dis- 
this, and the test is better made by some disinterested tinguishable from that of pure silver. 
and impartial person. A half dozen or so average! (¢) Ag 90 per cent., Zn 1¢@ per cent. Still malleable, 
specimens of the tile can be sent to a chemical labora- | but grayer. ‘ 
tory, where the testing of clay is a specialty, and they| 9 Silver Nickel Allovs.—These were obtained bv 
would be submitted to all the destructive influences | melting the two metals together in a wind furnace 
which nature would bring to bear in the course of | wider a layer of charcoal, stirring and pouring into a 
years. If the cost of such a test is objected to, and | mould. 
time isof little importance, the tile maker can carryout) (a) Ag 95 per cent., Ni5 per cent. Color was good, 
his own test by putting upasmall'roof, which should be silver-like, and the alloy takes a high polish. 
in the most exposed position that can be got, and if,| (bh) Ag 90 per cent., Ni 10 per cent. Color was 
after the second winter, the tile is found to be abso- ‘*steely,” the alloy malleable. 
lutely unchanged, the production of them on a manu-| Both these alloys tarnish readily, and the stain is 
facturing scale may be commenced with confidence. not verv easily removed from their surface. 

The cost of manufacturing silver gray tile in Ger 3. Silver, Nickel, and Zine Alloy.—Ag 90 per cent. 
many has been found to be $1.80 per thousand more | Nj 5 per cent.. 2a 5 per cent. The silver and nickel 
than the same tile burned red in a continuous kiln, | were melted together and poured on to the molten 
which is, of course, the very cheapest way of burning. | zine, the contents of the two crucibles being covered 
The items are as follows : with powdered charcoal. Color too gray, malleable. 

4, Silver Aluminum Alloy.—Ag 90 per cent., Al 10 


Extra cost per M for labor ........... $0.42 percent. This alloy was highly crystalline and brittle; 

Tar or oil..... Posceeeesecessoesassoene 58 it broke to pieces on rolling. The surface was white 
Extra coal .......+-++e0eseeeee ceeree -85 and highly lustrofs, but readily tarnishable, 

———_ 5. Silver Tin Alloy.—Ag 95 per cent., tin 5 per cent. 

$1.80 (by analysis).—Aceording to Hiorns (Mixed Metals, 320), 


: 7 ; A “the smallest quantity of tin renders silver brittle.” 
_ A prime condition of success is the selection of an} This alloy is, however, perfectly malleable, yielding 
intelligent and careful chief burner, who knows his/ long spiral drillings. It has an excellent color and 
business, and who will insure the kiln being absolutely | yields stains which are easily removable. Unfortu- 


air-tight during the blue smoking process, but he must ei 
be given the nght materials to work with, or failure * At the suggestion of Mesers. Levetus Bros., of Birmingham. 
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nately tin is not easily deposited by the current, and 
the alloy is therefore unsuitable for our purpose, 

6. Silver-Copper-Zine Alloys.—In this case the silver 
and copper were melted together and added to the 
zine, the operation being in other ways similar to that 


Mr. R. Pettigrew stated that silver alloys could be 
electro-deposited on a commercial seale, and he had 
two years ago, ata meeting of the Institute of Elec- 
trical Engineers, in London, shown, along with samples 
of every metal which could be electro-deposited, speci- 


described previously. 
(a) Ag 75 per cent., Cu 15 
Color too yellow. Malleable. 
movable. 


= cent., 


(b) Ag 67°87, Cu 5°17, Zn 27°47.—Showed signs of 


brittleness on rolling ; color yellow and wanting in 


Zn 10 per cent.— 
Stain readily re- 


mens of plates plated with an alloy of silver and 
cadmium, the percentage composition varying on the 
one side from 90 per cent. silver and 10 per cent. cad- 
mium to 90 per cent. cadmium and 10 per cent. silver. 
The difficulty was not in getting these metals to de- 
| posit together as an alloy, but to regulate the current 





brilliancy. This alloy was analyzed, and it was| density and other features when an alloy process is 


found that by operating in our usual way that no 


loss of zine was incurred. 

(ec) The above alloy was melted with a further quan 
tity of zine till the fracture was highly crystalline 
and of a bluish white color. The percentage of 
silver was found on analysis to be 30°74, 

Electro Deposition of Alloys.—The efforts of techni- 
eal chemists have hitherto been directed to the separa- 
tion of metals by electrical methods, rather than to 
their deposition simultaneously ; but for some years 
the electro-deposition of brass and other alloys has be- 
come a commercial process. The mechanism of the 
process, however, is by no means easy to understand. 
An interesting but incomplete note on the subject is 
due to Dr. Silvanus Thompson (Proc. Roy. Soc., 42, 
387, 1887), who shows that since, owing to imperfect 
diffusion, the counter electro-motive forees at the 
eathode depend on the current density, and since the 
variations of E. M. F., due to differences of concentra- 
tion, are greater for copper than for zine, we can adjust 
the current density so as to obtain copper and zine de- 
posited in nearly equal quantities. 

The law given by Berzelius to the effect that the 
most electro-negative metal is deposited first in elec- 
trolysis, is said by Ponthidre (Traité d’Electro Métal- 
lurgie, Second Edition, 1891, 165) to be reversed when 
we use an anode composed of an alloy. For the present 
we shall only record the results of our experiments 
without discussing them. We hope at some future 
time to pursue the matter further. 

We used in ali cases a laminar cathode of German 
silver or Britannia metal, having a surface of about 
4 square inches, on each face. The cathode was 
greased, so that the deposit could be stripped off and 
analyzed. 

1. Deposition from Silver-Zine Solutions,—A solution 
of the cyanides of the metals in excess of potassium 
eyanide, together with excess of ammonia, was used, 
115 grammes of silver per liter (about 2'¢ ounces of 
silver to the gallon) were dissolved, together with zine 
in the proportion present in alloy 1 (a). This alloy was 
used as anode. The specific gravity of the solution 
was 1°038. On heating to 40° C., a current of one am- 
pere produced a good deposit, which was found to 
contain 99°8 of silver. Under these conditions practi- 
eally no zine is deposited. 


2. Deposition of Silver, Copper and Zine.—A cyanide | 


solution was made containing the above metals, in the 
proportions present in alloy 6(b). The amount of sil- 
ver per liter was the same as in solution described 
above. 
from four Bunsen cells the deposit was fairly even, but 
on analysis, was found to contain only about 1 per 
cent. of copper and zine together. 

The above solution was now mixed with an equal 
volume of brassing solution from which a good deposit 
of brass could be obtained with the current from two 
Bunsen cells. On analyzing the deposit from the 
mixed solutions heated to 40° C., only a swall amount 
of copper was found. With four Bunsen cells a black 
deposit (probably oxide) was given by this solution. 

pn increasing the amount of brassing solution the 
amount of copper in the deposit increased, until, 
when the amount of silver originally present in the 
solution was zero, a brass was obtained containing a 
little silver. 

We have not worked out the exact conditions for 
obtaining an alloy containing an equal proportion of 
the three metals, silver, copper, and zinc; but it is 
evident that the amount of silver present in the solu- 
tion and in the anode must be much in defect of the 
proportion required for the alloy. 

8. Deposition from Solution Containing Aluminum.— 
In 1855 Thomas and Tilley took out patents (Nos. 2,724 


and 2,756) for depositing alloys of aluminum and silver, | 


aluminum, silver and copper, ete. A solution of alumi- 
num hydrate in potassium cyanide, or in a mixture of 


sodium carbonate and potassium cyanide, was used in | 


their experiments, 

We found that aluminum hydrate does not readily 
dissolve in potassium cyanide alone, for which we 
therefore substituted a mixture of caustic potash and 
potassium cyanide. 

A cyanide solution was prepared containing alumi- 
num and silver in the proportions present in the alloy 
(17°15 grammes of silver being dissolved per liter), On 
analyzing the deposit given by this solution with a 
current of about 6 amperes, it was found to contain 
not more than 0°8 per cent. of aluminum. 

A solution of aluminum was prepared containing 70 
grammes of aluminum nitrate to the liter, the alumina 
then precipitated and redissolved in excess of potash 
and potassium cyanide. Using the silver alloy with 
10 per cent. of aluminum as anode and a current of 8 
or 9 amperes, at a temperature of about 50° C., a de- 
posit was obtained which still consisted almost entirely 
of silver, only a faint precipitate being given by am- 
monia, after precipitating the silver as chloride and 
filtering. 

Our results therefore tend to confirm those of C. 
Winkler (Chemical News, vol. xxvi., p. 157; Jour. 
Chem. Soc., New Series, vol. x., p. 1134), who states 
that plating with aluminum cannot be effected by 
electro-deposition. 


DISCUSSION, 


The chairman said that the paper now carried him 
back nearly thirty years, to the first research work he 
did under the late Professor Graham at the Mint on a 
series of nickel and silver alloys, in which considerable 
difficulty was experienced owing to their segregation 
and lack of uniformity. On rolling out the buttons 
obtained, the lack of homogeneity was at once ap- 
parent. He would like to ask the exact conditions 
under which these fused alloys were prepared. Were 
they quickly cooled? In his own case he believed 
most were cooled slowly. 


Alloy 6 (ec) was used as anode. With a current | 


worked on a commercial scale and where articles of 

varying size are plated, so as to get an even composi- 
tion on all parts of the plated goods. The deposit on 
the inside of a large vessel, for instance, had often a 
| different apy composition from that on the out- 
| side, and hence a different color readily detected by 
| the experienced eye, This difficulty could, however, 
| be got over by using varying sized baths, according to 
| the class of articles to be plated, and keeping the arti- 
leles moving. The percentage composition of electro- 
|deposited alloys depended on many features, among 
lothers the current density, chemical composition of 
bath, relative amounts of metals in the bath to each 
other, free cyanide and impurities, as well as to the 
| position of the metals to each other in the electro- 
| negative series; and he had found that silver and cad- 
;mium fulfilled the conditions more closely than any of 
the metals mentioned by the authors. He had tried 
| electro-depositivg zine and silver together, but with a 
far less quantity of silver present than mentioned in 
the paper, and found that even with as low as an 
eighth of an ounce of silver to the gallon and a pound 
|of zine, he only got down from 5 to 7 per cent. of zine; 
jand even then it was not possible on a large scale, 
|owing to the large current density required, making 
| the surface rough. Again zine was so difficultly solu- 
| ble in potassium cyanide that the zine cyanide formed 
|on the alloy anode could hardly be got to dissolve, even 
when an excessive amount of free cyanide was present. 
He had never tried tin and silver or aluminum and 
silver in aqueous solutions, because tin was such a 
difficult metal to manage by itself in electro-deposition 
| that it was hopeless to get it pe | as an alloy. 
| Aluminum he never considered suitable, because it had 
| yet to be got by itself from an aqueous solution, at 
\least with current density suitable for silver plating, 
land in the analysis given in the paper he rather 
lthought the aluminum got had not existed as metal, 
but oxide. He had, however, succeeded in depositing 
these metals satisfactorily from fused salts, but of 
course this was out of the question for electro plating. 
With regard to fused alloys with silver, he could cor- 
roborate most of what was said in the paper, and gave 
an instance of an alloy of silver 92°5 and aluminum 7°5 
which was so brittle that when he tried to seratch 
figures on it, it came away in fine powder—in fact, an 
ingot 'g inch thick could be broken between the fin- 
gers. He also had noticed that alloys often had fine 
colors, and mentioned one of silver 60 per cent. and 
cadmium 40 per cent. which was hard and brittle, but 
the fracture of whieh had a lovely pink color. Men- 
tion had been made in the paper of the tarnishing of 
silver as compared with electro-deposited alloys, but 
his experience was that electro-deposited alloys tarn- 
ished less rapidly than pure silver, and then the tarnish 
which did form was more easily removed and was of a 
brown color—not the well known purple tarnish of 
pure silver. Fused alloys acted somewhat differently, 
and the difference of action had something to do with 
the chemical compounds formed, for a true alloy did 
not act as a mere mixture; and he had found that a 
standard alloy of copper and silver tarnished in spots 
and streaks, which tended somewhat to show that this 
alloy was not a definite compound but a mechanical 
mixture. Zine and silver alloys he found tarnished 
usually of a grayish color. The properties of electro- 
deposited and fused allovs had little relation to each 
other, as he considered that an electro-deposited alloy 
was not a definite compound, but merely, as it were, a 
wechanical mixture. The author gave their method 
of testing the luster, but he considered it much better 
to work with a number of plates set in an oblong box, 
so that the number of reflections from a given point 
could be ascertained.—Journal of the Society of Chemi- 
cal Industry. 


| _— ———— 


FOR FORAGE. 


You take great interest in the introduction of alfalfa 

clover for hay and fodder, whieh is right in my estima- 
tion, But you lose sight of the most valuable hay, or 
rather fodder, plant for the average farmer to raise as 
a sure crop for feed in winter, and that is the old, time- 
tried sorghum cane plant. No farmer can afford to 
raise anything else for a feed crop. Millet or Hunga- 
rian is nowhere to cane, neither in value as feed nor in 
quantity of tons per acre, nor to stand drought or 
chinch bugs. There are many of our upland farmers 
who, if they had sown four or five acres of cane for feed 
last year could have done well. The cane would have 
made all the feed they wanted for their stock and they 
could have sold their wild or prairie hay that they now 
nave to feed, and could have made a good profit in do- 
ing so. But they depend on corn fodder to too great 
an extent, and at times like the past season has been 
it makes it too expensive, when sorghum can be raised 
so cheaply and without any care, simply by plowing 
the ground well in May or June and sowing the seed 
and harrowing 1n, or better, drill same as wheat, and 
you are done till time to mow the hay. Do not cut too 
soon. Let it head out but not get too ripe. It is the 
best when in blossom. Cut and let dry and rake in 
| windrows and take the hay gatherer and put it in 
large shocks and let it stand until wanted. Put one 
ton or more in shock, It will keep all winter in fine 
condition, and the stock will eat it and get fat on it if 
given all they want. But if fed as I have seen stock 
fed, by putting a few straws to them once a day, and 
then have a protection of the north side of a three- 
strand barb-wire fence, they will not do for export beef 
next spring. A man might as well think of keeping 
warm with the thermometer ten degrees below zero 
by lighting a match once or twice a day. This would 
be as much sense as some men use in feeding stock. 
The farmer who will feed and eare for stock well is the 
farmer who will succeed in the end, 

Sorghum cane is the best feed for a substitute for 


SORGHUM 


hay that I know of to-day. I have tried = 
and willo maize, and they don’t take the piace 

hum. They are non-saccharine, and sweet is 
produces fat. Sour is anti-fat. There is no ig 
‘stock that will not, eat cane if itis put in the. 
shape. Some cut it too soon. If you ent it 

heads, it is watery and rank and stock don’t like 

is the same as green corn before it gets in a 
| would advise farmers to sow largely of cane and secure 
the seed early this year, as is searce, as 
crop is light and there is a combine or trust ¢ seed 
corner all of the cane seed in this State. Tie seed 
crop of last year was short 40,000 bushels anc seed 

i be high. here will be a rash in the spring to 
|seed. The man that gets his seed early is the} 
man this year.—Kansas Farmer. 
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